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PREFACE 

The  contents  of  this  book  are  the  result  of  a  three-years'  study  of  the  glaciers  of 
Alaska,  financed  and  directed  by  the  National  Geographic  Society,  through  its  Com- 
mittee on  Research.  The  investigations  were  made  at  a  cost  of  about  $17,000,  repre- 
senting the  interest  of  upward  of  a  quarter  of  a  million  members  of  the  Society,  whose 
continued  support  of  the  great  object  of  the  increase  and  diffusion  of  geographic  knowl- 
edge made  the  Alaskan  undertaking  possible. 

Through  the  investigations,  it  is  hoped,  new  light  has  been  thrown  upon  the  ice  age  in 
America,  new  information  has  been  collected  as  to  the  processes  of  glaciation,  and  a  new 
view  has  been  gathered  as  to  the  effect  of  earthquakes  and  volcanic  action  upon  glaciers. 
Alaska  offered  the  best  field  in  the  world  for  these  investigations,  its  glaciers  being  the 
largest  in  the  world  except  those  of  the  polar  regions.  There  are  thousands  of  them, 
and  only  a  few  of  them  even  have  been  named. 

The  work  of  research  into  the  extent  and  behavior  of  the  Alaskan  glaciers  was  under- 
taken in  1909,  under  a  resolution  of  the  Board  of  Managers  appropriating  $5,000  for 
banning  it.  This  was  followed  by  like  appropriations  by  the  Board  of  Managers  in 
1910  and  1911,  with  some  additional  aid  from  time  to  time,  bringing  the  total  contri- 
bution of  the  Society  to  the  work  up  to  $17,000. 

The  Besearch  Committee  decided,  at  the  outset,  to  devote  the  money  expended  by 
the  Society  to  the  study  of  certain  of  the  tidewater  glaciers,  notably  those  in  and  about 
Yakutat  Bay  and  Prince  William  Soimd,  and  with  the  phenomena  observed  there  this 
book  deals. 

It  is  peculiarly  fitting  that  the  National  Geographic  Society  should  have  undertaken 
a  scientific  survey  of  the  Alaskan  glaciers,  because  it  has  been  very  closely  identified 
with  the  exploration  work  that  has  opened  up  that  wonderful  territory.  Its  Magazine 
is  one  of  the  great  storehouses  of  data  on  original  glacial  explorations  in  Alaska. 

In  the  National  Geographic  Magasdne  appeared  one  of  the  first  maps  showing  most 
of  the  Alaskan  glaciers.^  This  journal  published  the  description  of  C.  W.  Hayes  and 
Frederick  Schwatka's  explorations  north  of  the  St.  Elias  Raoge  and  in  the  Copper  River 
valley,  with  important  contributions  on  glaciers  and  glaciation.'  It  published  H.  F. 
Reid's  descriptions  of  the  Muir  Glacier  and  Glacier  Bay.'  It  published  I.  C.  Russell's 
descriptions  of  Mt.  St.  Elias  and  the  Malaspina  and  Yakutat  Bay  glaciers,^  first  explored 
by  the  two  Russell  expeditions  which  were  partly  financed  by  the  National  Greographic 
Society.  In  its  volumes  are  Henry  Gannett's  descriptions  of  some  of  the  glaciers  of 
Prince  William  Sound  and  other  parts  of  Alaska '  as  weU  as  Miss  E.  R.  Scidmore's 
description  of  the  glaciers  of  the  Stikine  River,*  and  her  review  of  the  discovery  of  Glacier 

1  Nat.  Geog.  Mag.,  Vol.  XV,  1904,  map  facing  p.  288. 
« Ibid^  Vol.  IV.  1892,  pp.  117-162. 
» Ibid.,  Vol.  IV,  1892,  pp.  19-«4. 

*  Ibid,,  Vol.  m,  1891,  pp.  5SHM)0. 

»/Wi,  Vol.  X,  1899,  pp.  507-612;  Vol.  XII,  1901,  pp.  180-196. 

•  Ibid^  Vol.  X,  1899,  pp.  5-9;  Vol.  VII,  1896,  pp.  140-146;  Vol.  V,  1898,  pp.  178-179. 
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Bay  and  of  explorations  in  Alaska  by  members  of  the  National  Geographic  Society; 
C.  A.  Stockton's  ^  and  J.  C.  Cantwell's '  descriptions  of  ground  ice  in  Arctic  Alaska; 
C.  L.  Andrews'  study  of  Muir  Glacier  in  1902,  the  first  after  the  great  earthquakes  of 
1899;'  Fremont  Morse's  description  of  the  same  in  1907;^  W.  C.  Mendenhall's  de- 
scriptions of  the  glaciers  in  the  Wrangell  Mountains;*  W.  A.  Dickey's  discovery  and 
naming  of  Mt.  McElnley  with  its  glaciers;*  Robert  Muldrow's  determination  of  its  hei^^t 
and  the  position  of  more  glaciers;^  A.  H.  Brooks'  plan  of  climbing  Mt.  McKinley,  with 
mapping  of  still  more  of  the  glaciers;*  Ferdinand  Westdahl's  photographs  of  the  glaciers 
and  snowfields  on  the  volcanoes  of  Unimak  Island  in  the  Aleutians;*  W.  H.  Osgood's 
description  of  the  glaciers  near  Lake  Clark  ;^*  G.  K.  Gilbert's  summary  of  the  glaciers  of 
Alaska;^^  and  many  other  papers^*  dealing  incidentally  with  glaciers  and  glaciation  in 
Alaska. 

The  National  Geographic  Society's  Alaskan  expedition  of  1909,  the  plan  of  which 
was  announced  in  the  Magazine  for  June,  1909,  was  under  charge  of  the  authors  of  this 
volume,  the  other  members  of  the  party  being  W.  B.  Lewis  of  the  U.  S.  Greological  Sur- 
vey, the  topographer;  Oscar  von  Engeln  of  Cornell  University,  who  took  and  developed 
many  of  the  photographs;  E.  F.  Bean  of  the  University  of  Wisconsin,  who  acted  as  rodman 
and  general  assistant;  A.  R.  Campbell  of  the  University  of  Washington,  who  ran  the 
launch;  Charles  Johnson  of  Yakutat,  who  was  boatman  and  camp  hand;  and  a  Japanese 
boy,  as  cook. 

The  Society's  1910  expedition  was  under  the  leadership  of  the  junior  author,  assisted  by 
Messrs.  Lewis  and  Bean  of  the  1909  party,  F.  E.  Williams  of  the  University  of  Wisconsin, 
rodman;  R.  G.  Byers  and  E.  A.  Conner  of  the  University  of  Washington,  photographer 
and  boat  engineer  respectively;  and  a  cook. 

The  Society's  1911  expedition,  under  the  direction  of  both  authors  of  this  volume,  de- 
voted most  of  the  season  to  glacier  study  in  other  parts  of  Alaska  than  are  described 
in  this  volume.  The  junior  author,  however,  gave  two  weeks  to  additional  observations 
of  the  Prince  William  Sound  and  Copper  River  glaciers  before  he  was  joined  by  the 
senior  author  and  Russell  S.  Tarr. 

The  junior  author  also  visited  Yakutat  Bay  in  1913. 

Each  of  the  authors  had  previously  spent  two  summers  in  Alaska,  the  senior  author  in 
Yakutat  Bay  in  1905  and  1906,  the  junior  author  in  Controller  Bay,  Prince  William 
Sound,  Cook  Inlet,  and  Alaska  Peninsula  in  1904,  and  in  Yakutat  Bay  in  1905.  Both 
of  these  previous  seasons  of  field  work  in  Alaska  by  the  senior  author  were  supported 
by  the  U.  S.  Geological  Survey.  The  1904  season  by  the  junior  author  was  in  a  U.  S. 
Geological  Survey  party,  but  in  1905  he  was  supported  by  a  grant  of  money  from  the 
American  Geographical  Society  of  New  York. 

» Nat.  Geog.  Mag.,  Vol.  II,  1890,  pp.  178-179. 
» Ibid.,  Vol.  Vn,  1896,  pp.  845-346. 
« Ibid,,  Vol.  XIV,  190S.  pp.  441-445. 

•  Ibid.,  Vol.  XIX,  1908,  pp.  76-78. 

» Ibid.,  Vol.  XIV,  1903,  pp.  395-407. 

•  Ibid.,  Vol.  Vm,  1897,  pp.  328-327. 
» Ibid.,  Vol.  XII.  1901,  pp.  312-313. 

•  Ibid.,  Vol.  XIV,  1903,  pp.  30-35. 

•  Ibid.,  Vol.  XIV,  1903,  pp.  93,  94,  97,  98. 
"  Ibid.,  Vol.  XV,  1904,  p.  328. 

"  Ibid.,  Vol.  XV,  1904,  pp.  449-450. 

u  Ibid.,  Vol.  XX,  1909,  pp.  585-623;  Vol.  XXn,  1911,  pp.  597-600,  786;  Vol.  XXIU,  1912,  pp.  428-429, 
684-713. 
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We  sailed  from  Seattle  June  24,  1909,  on  the  Alaska  Coast  Co.'s  steamer,  Portland, 
reaching  Yakutat  five  days  later.  Here  we  spent  about  six  weeks.  We  traveled  and 
traDsferted  our  food  and  camp  equipment  in  a  twenty-eight  foot  whaleboat,  equipped 
with  a  four-horse-power  gasoline  engine.  We  occupied  two  main  camps  and  seven  tem- 
porary camps  in  Yakutat  Bay.  We  left  Yakutat  on  August  14th,  taking  our  launch  upon 
the  steamer  from  Yakutat  to  Valdez.  Two  days  apiece  were  devoted  to  brief  examina- 
tions of  Valdez,  Shoup,  and  Columbia  glaciers,  in  eastern  Prince  William  Soimd,  travel- 
ing in  our  launch,  and  camps  being  occupied  at  Fort  Liscum  opposite  Valdez,  on  Heather 
Island,  near  Columbia  Glacier,  and  on  Flemming's  Spit  just  outside  Cordova.  Two  days 
were  devoted  to  a  hurried  view  of  the  Miles,  Childs,  and  Allen  glaciers  of  lower  Copper 
River,  the  authors  being  taken  by  railway  automobile  to  the  end  of  the  line,  as  then  com- 
pleted, and  entertained  at  the  railway  construction  camps.  We  left  Cordova  Septem- 
ber 1  on  the  Northern  Navigation  Company's  steamer  Lindsay ^  reaching  Seattle  ten  days 
later. 

During  the  field  season  of  1910,  the  junior  author  and  his  party  spent  only  two  weeks 
in  Yakutat  Bay,  June  11  to  26,  occupying  five  camps  and  traveling  in  the  launch,  which 
had  been  purchased  the  previous  year  by  the  Society.  The  party  was  then  taken 
to  Prince  William  Sound,  where  a  special  trip  of  Alaska  Coast  Company's  steamer 
Bertha  landed  us  on  Heather  Island  near  Columbia  Glacier.  In  the  following  six  weeks, 
we  traveled  by  launch  dear  around  Prince  William  Sound,  reaching  Cordova  on  August 
12,  after  occupying  ten  camps  in  the  fiords  near  the  several  glaciers  and  on  Latouche  and 
Hinchinbrook  Islands.  Three  weeks  were  then  devoted  to  the  glaciers  of  the  lower 
Copper  River.  We  worked  as  far  north  as  Heney  Glacier  and  had  four  camps  along  the 
Copper  River  and  Northwestern  Railway  near  the  larger  glaciers.  The  junior  author 
also  spent  three  days  in  a  rapid  railway  and  steamboat  trip  throu£^  the  Copper  River 
canyon  to  Chitina.  A  week  was  occupied  in  a  launch  trip  from  Cordova  to  Columbia 
Glacier  and  Valdez,  whence  the  party  sailed  for  Seattle  on  the  Alaska  Steamship 
Company's  steamer  Northwestern  on  September  9. 

In  1911  the  junior  author  went  north  alone,  leaving  Seattle  June  5  on  the  Alaska  Steam- 
ship Company's  steamer  Alameda,  making  a  rapid  reconnoissance  trip  to  Valdez  Glacier 
and  through  Prince  William  Sound  to  Seward  and  back  to  Cordova,  after  which  he  spent 
the  time  from  June  15  to  20  at  the  glaciers  of  the  lower  Copper  River.  He  was  joined  by 
the  senior  author  and  after  another  trip  through  Prince  William  Sound  and  to  Columbia 
Glacier  and  a  study  of  glaciers  in  the  Kenai  Peninsula  along  the  Alaska  Northern  Railway, 
we  went  through  the  Copper  River  canyon  by  train,  saw  something  of  the  conditions  of 
gladation  in  a  day's  work  at  Wood  Canyon,  and  then  worked  the  remainder  of  the  season 
on  the  glaciers  and  glaciation  of  the  interior  and  of  southeastern  Alaska. 

In  1913  the  junior  author  was  guide  for  an  excursion  of  the  International  Geological 
Congress  which  visited  Yakutat  Bay  in  September.  The  party  consisted  of  about  50 
geologists  from  all  parts  of  the  world.  We  traveUed  and  lived  on  the  specially-chartered 
Canadian  Pacific  steamer  Princess  Maquinna,  and  landed  at  a  number  of  points,  as  de- 
scribed in  later  pages  of  this  book. 

Preliminary  reports  of  the  results  obtained  in  1909  and  1910  were  published  in  the 
National  Geographic  Magazine  for  January,  1910,  and  June,  1911.  The  junior  author 
lectiu^  before  the  Society  in  Washington  on  February  18,  1910. 

The  phenomena  of  advancing  glaciers  observed  in  Yakutat  Bay  by  the  U.  S.  Geological 
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ALASKAN  GLACIER  STUDIES 

CHAPTER  I 

THE  GLACIERS  OF  ALASKA 

The  Alaskan  glaciers  are  the  largest  in  the  world  except  those  in  polar  regions. 
The  existing  glaciers  of  Alaska  are  chiefly  confined  to  the  mountain  regions  and  extend 
more  or  less  continuously  through  about  1,100  miles  along  the  Coast  and  the  St.  Elias 
Ranges,  400  miles  in  the  Alaska  Range,  and  450  miles  in  the  Endicott  Mountains  of  north- 
em  Alaska.  These  mountain,  snowfield,  and  glacier  belts  average  from  40  to  120  miles 
in  width.  There  are  also  scattered  glaciers  upon  volcanoes  through  a  distance  of  500 
miles  on  the  Alaska  Peninsula  and  Aleutian  Islands.  Glaciers  are  found  through  a  range 
of  15  degrees  of  latitude.  The  total  snow-  and  ice-covered  area  has  been  conserva- 
tively estimated  at  15,000  to  20,000  square  miles,^  and  is  much  smaller  than  the  area 
covered  at  the  maximum  stage  of  Alaskan  glaciation.  This,  however,  is  less  than  four 
per  cent  of  the  total  area  of  Alaska.  There  are  thousands  of  glaciers,  only  a  few 
hundred  of  which  have  been  named. 

The  glacial  districts  in  Alaska  may  be  best  described  in  groups  associated  with  the 
various  mountain  ranges  (Map  1,  in  pocket),  both  because  these  enable  us  to  take  up 
compact  units,  and  because  the  mountains  are  jointly  responsible  with  the  climatic 
conditions  for  the  existing  glaciation.    It  is  the  combination  of  lofty  mountains  facing 
a  sea  coast  where  warm,  humid,  onshore  winds  bring  abundant  moisture,  in  a  northerly 
latitude,  that  gives  the  Pacific  Mountains  of  Alaska  from  80  to  200  inches  of  precipi- 
tation yearly.    It  is  the  loftiness  of  these  mountains,  and  the  northerly  latitude,  that 
causes  a  large  proportion  of  this  precipitation  to  fall  in  the  form  of  snow.    Therefore, 
much  more  snow  falls  in  a  winter  than  can  melt  during  a  summer,  causing  permanent 
snowfields  and  great  glaciers.    The  variations  in  altitude,  in  latitude,  in  precipitation, 
and  in  direction  of  slope  cause  the  principal  variations  in  the  present  size  and  condition 
of  the  glaciers.    Most  of  these  variations  are  associated  with  differences  in  the  moun- 
tains, but  it  is  not  certain  that  the  climate  is  responsible  for  all  the  glacial  oscillations, 
nor  that  the  ice  tongues  are  consistentiy  waning. 

The  mountain  ranges  upon  whose  slopes  most  of  the  glaciers  have  been  formed  are  the 
Pacific  Mountains,  including  the  various  subdivisions  of  (1)  the  Canadian  Coast  Range, 
(2)  the  St.  Elias  Range,  (3)  the  Alaska-Aleutian  Ranges. 

Former  glaciation  will  be  discussed  in  connection  vii\h  all  these  mountain  groups  after 
the  existing  glaciation  has  been  sketched. 

Along  the  Inside  Passage  the  Taku  and  Davidson  Glaciers  are  rather  familiar,  as  are 
the  Muir  Glacier  of  Glacier  Bay,  the  Malaspina  and  Yakutat  Bay  Glaciers  of  the  south 
side  of  the  St.  Elias  Range,  and  the  Valdez  and  Columbia  Glaciers  of  Prince  William 
Sound;  but  most  of  the  other  glaciers  of  Alaska  are  little  known. 

>  Gilbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  Ill,  1904,  p.  9;  Nat.  Geog.  Mag.,  Vol.  XV,  1904,  p.  460. 
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Brief  general  lists  or  descriptions  of  the  glaciers  of  Alaska  have  previously  been 
made  by  Mmr,i  Petroff.*  Russell,'  Dall/  Wright,*  Baker,«  Davidson.^  Brooks,*  Gilbert,* 
Greely,^^  and,  for  individual  glaciers,  by  others  listed  upon  subsequent  pages.  The 
glaciers  of  the  whole  territory  were  first  shown  upon  a  map  by  R.  U.  Goode  and 
E.  C.  Barnard,  published  in  the  National  Geographic  Magazine  ^^  and  afterwards 
reproduced  by  the  United  States  Geological  Survey." 

Canadian  Coast  Range" 

Glaciers  near  Portland  and  Behm  Canals,  Beginning  with  the  panhandle  of  south- 
eastern Alaska  the  first  existing  glaciers  north  of  British  Coliunbia  are  those  of  the  Bear 
and  Salmon  River  headwaters  of  Portiand  Canal,  and  the  Chickamin,  Leduc,  and  Unuk 
River  tributaries  of  Behm  Canal.  Here  fifty  or  sixty  valley  glaciers,  the  larger  ones 
2  to  10  miles  long  and  1  to  2}  miles  wide,  descend  from  snowfields  at  an  elevation 
of  four  to  eight  thousand  feet  and  end  at  elevations  ranging  from  500  to  3000  feet  above 
sea  level.  None  of  these  ice  tongues,  except  the  Sould  Glacier  ^^  as  yet  bears  a  name. 
Photographs  showing  some  of  them  were  taken  by  the  Canadian  Boundary  Commission 
in  1894,  and  these  photographs,  as  well  as  the  detailed  maps  showing  the  glaciers,^ 
are  of  much  value  because  a  second  series  of  photographs  and  maps  made  by  the  com- 
mission engaged  in  locating  the  boundary  in  1906  to  1913  will  show  the  advances  and 
retreats  of  these  ice  tongues  after  more  than  ten  years.  The  maps  unfortunately 
are  on  a  small  scale  (1:160,000).  They  do  not  go  far  back  into  the  snowfield  area»  nor 
do  they  show  all  the  glaciers,  particularly  those  back  in  the  interior  of  the  Coast  Range. 
Glaciology  has,  however,  a  great  aid  here  in  the  two  sets  of  maps  made  as  a  result  of  the 

1  Muir,  John,  In  newspaper  notices  even  before  Petioff,  Russell,  and  Dall;  Notes  on  the  Pacific  GMist  Glaciers, 
American  Geologist,  Vol.  XI,  1898,  pp.  287-299;  Harriman  Alaska  Expedition,  Vol.  I,  1901,  pp.  119-185. 

s  Petroff,  Ivan,  Tenth  Census  of  the  United  Stotes,  1880,  Vol.  VIU,  1884,  pp.  24.  85-86,  and  Map  VI  facing 
p.  75. 

s  Russell,  I.  C,  Fifth  Ann.  Rept.,  U.  S.  Geol.  Survey,  1888-4,  pp.  348-855;  Glaciers  of  North  America,  Boston* 
1897,  pp.  74-130;  Scottish  Geog.  Mag.,  Vol.  X,  1894,  pp.  405-407  and  map  showing  known  glaciers. 

« Dall,  W.  H.,  Glaciation  in  Alaska,  Bull.  PhU.  Soc.,  Washington,  Vol.  6. 1884,  pp.  33-36. 

•  Wright,  G.  P.,  Ice  Age  in  North  America,  New  York,  1891, 13-35« 

•  Baker,  Marcus,  Geographic  Dictionary  of  Alaska,  Bull.  187,  U.  S.  Geol.  Survey,  1902,  2d  edition;  BulL 
299,  1906. 

'  Davidson,  George,  The  Glaciers  of  Alaska  that  are  Shown  on  Russian  Charts  or  Mentioned  in  Older  Narrsr 
tives.  Trans,  and  Proc.  Geog.  Soc.  Pacific,  2d  series.  Vol.  8,  1904,  pp.  1-98. 

>  Brooks,  A.  H.,  Glacial  Phenomena  of  Southeastern  Alaska,  in  Professional  Paper  1,  U.  S.  Geol.  Survey,  1902; 
pp.  31-35;  Geography  and  Geology  of  Alaska,  Professional  Paper  45,  U.  S.  Geol.  Survey,  1906,  pp.  244-248, 
295-296,  Pis.  XII  and  XXII. 

•  Gilbert,  G.  K.,  Glaciers,  Harriman  Alaska  Expedition,  Vol.  HI,  New  York,  1904,  pp.  1-223;  Nat.  Geog. 
Mag.,  Vol.  XV,  1904.  pp.  44^-450. 

10  Greely,  A.  W.,  Handbook  of  Alaska,  1909,  pp.  151^159, 265-267. 

"  Brooks,  A.  H.,  Nat.  Geog.  Mag.,  Vol.  XV,  1904,  opposite  p.  238. 

"  Professional  Paper  45,  U.  S.  Geol.  Survey,  1906,  PI.  XXXIV;  Bull.  345,  PI.  1, 1908;  Map  A,  Alaska,  U.  S. 
Geol.  Survey,  1909. 

I*  Some  of  these  glaciers  are  shown  on  Chart  8050,  U.  S.  Coast  and  Geod.  Survey,  Dixon  Entrance  to  Head  of 
Lynn  Canal;  also  on  the  map  of  Southeastern  Alaska  and  a  part  of  British  Columbia,  Showing  Award  of  Alaskan 
Boundary  Tribunal. 

"  Chart  8100,  U.  S.  Coast  and  Geod.  Survey. 

»  Sheets  4  and  7,  Atlas  of  Award,  Alaskan  Boundary  Tribunal,  Senate  Document  162,  58th  Congress,  2d 
Session*  Washington*  Government  Printing  Office,  1904. 
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surveying  necessary  to  the  boundary  arbitration.  F.  E.  and  C.  W.  Wright  have  briefly 
aDuded  to  these  glaciers  and  the  wonderful  glacial  sculpture  of  the  adjacent  fiords.^ 

In  the  valley  of  Blue  River,  and  adjacent  northwest  tributaries  of  Unuk  River  is  an 
interesting  series  of  recent  lava  flows,  the  latest  thought  to  be  less  than  50  years  old, 
described  by  Morse  of  the  Boundary  Survey.  One  or  more  of  the  small  glaciers  near 
Blue  River  is  covered  with  ashes.' 

Glaciers  of  Stikine  River.  On  the  lower  Stikine  River  and  partly  in  Canada  are  the 
Great  Glacier,  the  Popoff  or  Little  Glacier,  the  Dirt  or  Mud  Glacier,  the  Flood  Glacier, 
and  many  others  shown  on  the  Boundary  Atlas  Sheets '  already  referred  to,  and  on  one 
Coast  Survey  chart  *  and  one  U.  S.  Geological  Survey  map.^  The  Stikine  River  glaciers 
were  visited  and  briefly  described  by  Blake  in  1867,*  Hunter  in  1877,^  by  Muir  and  by 
BeD  in  1879,'  by  Dawson  in  1887,*  by  Miss  Scidmore  in  1898,^^  and  others.  Great 
Glacier  is  an  ice  tongue  of  which  only  the  lower  sixteen  miles  have  been  mapped. 
The  upper  glacier  is  over  4  miles  wide,  the  lower  valley  about  a  mile  wide,  and  beyond  this 
the  Great  Glacier  spreads  out  to  a  width  of  four  and  a  half  miles  in  a  piedmont  bulb 
^ch  enters  the  Stikine  valley  from  the  west,  forcing  the  Stikine  River  over  to  the 
east  bank.  The  terminus  of  this  first  large  glacier  in  Alaska  is  less  than  250  feet  above  sea 
level.  The  Dirt  Glacier  seems  to  be  stagnant  and  moraine-covered.  Russell  shows 
photographs  of  Orlebar  and  Bernard  Glaciers  on  the  Stikine  River,^^  which  Dawson 
states  are  the  Great  Glacier  and  either  the  Flood  or  Dirt  Glaciers  respectively.  The 
debris  carried  out  from  these  glaciers  has  caused  the  Stikine  River  to  build  a  great 
delta  seventeen  miles  wide  which  nearly  ties  Mitkof  Island  to  the  mainland  and  makes 
it  necessary  for  ships  to  go  through  the  dangerous  Wrangell  Narrows  in  navigating  the 
Inside  Passage. 

Glaciers  of  Frederick  Sound  and  Stephens  Passage,  This  group  of  ice  tongues  includes 
the  LeConte,  Patterson,  Baird,  Dawes,  Brown,  Sumdum  and  Sawyer  Glaciers  and  the 
unnamed  glaciers  of  Whiting  and  Speel  Rivers.  They  are  shown  on  the  Coast  Survey  " 
and  Boundary  Survey"  and  Geological  Survey"  maps.  The  LeConte  Glacier  in  lati- 
tude 57*  is  the  southernmost  tidal  glacier  in  Alaska.  The  Dawes,  Brown,  and  Sawyer 
Glaciers  also  reach  sea  level  and  discharge  icebergs.**     The  group  of  glaciers  near  Devil's 

>  BuIL  847,  U.  S.  Geol.  Survey,  1908,  p.  24  and  map,  PI.  11. 

•  Morse,  Fremont,  Nat.  Geog.  Mag.,  Vol  17,  1906,  pp.  173,  176. 
■  Atlas  of  Award*  Alaskan  Boundary  Tribunal,  Sheets  8  and  9. 

« Chart  8200,  U.  S.  Coast  and  Geod.  Survey,  1891. 
» BuIL  847,  U.  S.  Geol.  Survey,  1908,  Pi.  III. 

•  Blake,  W.  P.,  The  Glaciers  of  Alaska,  Russian  America,  Amer.  Joum.  Sd.,  2d  series.  Vol.  XLIV,  1867,  96- 
101;  House  Extra  Doc.,  177,  Part  11, 40th  Congress,  2d  Session,  with  map. 

'  Hunter,  J.,  Map  reproduced  in  Alaskan  Boundary  Tribunal,  Maps  and  Charts  accompanying  the  case  of 
Great  Britain,  Washington,  1904,  p.  26. 
•BeH  W.  H.,  Scribner's  Monthly,  Vol.  XVII,  1879,  pp.  805-815. 

•  Dawson,  G.  M.,  Geol.  and  Nat.  Hist.  Survey  Canada,  Ann.  Kept.,  Vol.  HI,  Part  I,  1889,  pp.  51B-53B. 
"Sddmore,  E.  R.,  Nat.  Geog.  Mag.,  Vol.  X,  1899,  pp.  5-9. 

"  Russell,  I.  C,  5th  Ann.  Kept.,  U.  S.  Geol.  Survey,  1888-1884,  PI.  LIV  and  LV. 
»U.  S.  Coast  and  Geod.  Survey,  Charts  8200,  8210,  8800. 
"Atlas  of  Award,  Alaskan  Boundary  Tribunal,  Sheets  9,  10,  11, 12. 
"  BuH  287,  U.  S.  Geol.  Survey,  1906,  PI.  XXXVI;  BuU.  847,  1908,  PI.  HI. 

"  See  description  by  Sir  George  Simpson  in  September,  1841,  Journey  Round  the  Worid,  Vol.  I,  p.  218,  quoted 
hj  Klotz,  Geog.  Joum.,  Vol.  XIV,  1899,  pp.  581-582. 
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Thumb  are  the  southernmost  Alaskan  glaciers  seen  from  the  steamer,  Patterson  Glacier 
being  visible  from  the  north  end  of  Wrangell  Narrows. 

The  increase  in  glaciation  with  increase  in  latitude  may  be  shown  by  the  lower  snowline 
on  Mt.  Sumdum,  than  on  the  mountains  to  the  south,  as  well  as  by  the  presence  of  tidal 
glaciers.  Larger  glaciers  appear  now,  the  shorter  arm  of  Baird  Glacier  being  sixteen 
miles  long,  the  longer  tributary  being  certainly  over  17  miles;  but  its  wh<de 
length  has  not  been  mapped.  They  advance  from  vast  snowfields  whose  extent 
is  not  yet  known.  Some,  notably  the  Dawes  and  Baird,  are  through  glaciers^  or  ioe 
tongues  which  flow  in  opposite  directions  from  a  common,  flattish,  snow-oovered 
divide.  Some  of  the  glaciers  of  this  region  bifurcate  so  close  to  their  terminus  that  one 
name  is  used  for  both  arms,  as  in  Baird  Glacier.  The  name  Dawes  is  used  for  two  ad- 
jacent glaciers  which  formerly  were  one.    The  same  is  true  of  the  Sawyer  Glaciers. 

The  extreme  glacial  erosion  and  the  lack  of  glacial  deposits  in  southern  Frederick  Sound 
has  been  pointed  out  by  the  Wrights.^ 

Klotz  determined  that  LeConte  Glacier  retreated  a  half  mile  between  the  time  of  mak- 
ing a  Coast  Survey  chart,  probably  in  the  late  eighties,  and  1898.^  The  bay  it  enters  is 
called  Hutli  or  Thunder  Bay  from  the  noise  made  by  the  discharge  of  icebergs,  accord- 
ing to  John  Muir  who  visited  this  glacier  in  1879.'  Icebergs  then  filled  the  bay  for  ten  or 
twelve  miles.  Patterson  Glacier  was  advancing  and  destroying  trees  in  1891  according  to 
the  Pacific  Coast  Pilot  of  that  year.*  Baird  Glacier,  not  to  be  confused  with  the  other 
Baird  Glaciers  of  the  Tasnima  River  and  White  Pass,  has  been  studied  by  Klotz,*  who 
determined  its  rate  of  movement  and  rate  of  melting  in  1894. 

Holkham  Bay,  at  the  base  of  Mt.  Sumdum,  with  its  branches  Endicott  and  Tracy 
Arms,  is  said  by  Muir  ^  to  be  one  of  the  most  interesting  Alaskan  fiords.  It  has  four  tidal 
glaciers  and  a  himdred  or  more  glaciers  of  the  second  and  third  class.  The  icebergs 
interfere  with  navigation  by  large  boats  and  it  is  often  difficult  to  reach  the  tidal  glaciers 
in  small  canoes. 

The  unnamed  ice  tongues  of  Speel  and  Whiting  Rivers  are  exceedingly  attenuated* 
narrow  glaciers,  6  or  7  miles  long  and  a  tenth  to  a  quarter  of  a  mile  wide. 

Glaciers  of  Taku  Inlet.  This  beautiful  fiord  just  south  of  Juneau,  isvisited  annually 
by  thousands  of  tourists  and  the  Taku  Glacier  has  become  one  of  the  best  known  in 
Alaska,  especially  during  the  past  15  years  when  Muir  Glacier  has  been  less  accessible 
and  has  lost  beauty  through  retreat  and  loss  of  height.  Within  the  fiord  are  also  the 
Norris,  Wright,  and  Twin  Glaciers,  besides  a  few  smaller  glaciers  up  the  Taku  River,^ 
but  the  Taku  Glacier  is  the  only  one  discharging  icebergs.  These  glaciers  are  shown  on 
several  maps  ^  and  there  are  also  inniunerable  smaller  glaciers.  Muir  says  forty-five 
glaciers  are  visible  from  a  steamer  sailing  up  the  middle  of  Taku  Inlet.* 

»  Wright,  F.  E.  and  C.  W.,  Bull.  847,  U.  S.  Geol.  Survey,  1908,  p.  24  and  PL  m. 

« Klotz,  Otto,  Geog.  Joum.,  Vol.  14,  1899,  p.  632. 

» Muir,  John,  Amer.  Geol.,  Vol.  XI,  1893,  p.  291. 

« Reid,  H.  F.,    Variations  of  GUdera,  Joum.  Geol,  Vol.  Vm,  1900,  p.  158. 

•  Klotz,  Otto,  Joum.  Geol.,  Vol.  HI,  1895,  pp.  512-518. 

•  Muir,  John,  Harriman  Alaska  Expedition,  Vol.  I,  1901,  p.  125. 
» Hayes,  C.  W.,  Nat.  Geog.  Mag.,  Vol.  IV,  1892,  p.  151. 

i  U.  S.  Coast  and  Geod.  Survey,  Charts  8050,  8300;  Atlas  of  Award,  Alaskan  Boundary  Tribunal,  Sheets  It 
and  13;  PI.  19,  Vol.  IV,  Nat.  Geog.  Mag.,  1892;  PI.  XXXVI,  Bull.  287,  U.  S.  Geol.  Survey,  1906. 

•  Muir,  John,  Harriman  Alaskan  Expedition,  Vol.  I,  1901,  p.  125. 
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Taku  Glacier  for  which  the  names  Schulze  Glacier  and  Foster  Glacier  were  tempo- 
rarily used,  is  30  miles  long,  heading  to  the  north  on  a  5»500-foot  snow  divide  as  a 
through  glacier,  the  other  end  of  which  flows  down  the  east  side  of  the  Canadian  Coast 
Range.  This  may  be  the  Llewellyn  Glacier^  of  Atlin  Lake.  To  the  northwest  it  shares 
snowfields  as  a  through  glacier  with  Mendenhall  and  Herbert  Glaciers  of  Lynn  Canal 
and  Norris  Glacier  of  Taku  Inlet.  Taku  Glacier  receives  at  least  ten  tributaries,  from  a 
half  mile  to  a  mile  and  a  half  wide,  the  main  glacier  being  two  to  three  miles  wide.  It  gives 
off  two  glacial  distributaries,  one  of  which  feeds  the  west  half  of  the  Twin  Glaciers  of 
Taku  Inlet.  The  sea  front  is  a  little  over  a  mile  wide  and  200  feet  high  and  has  been 
described  by  Vancouver,*  Muir,'  Russell,^  and  many  others.'  Taku  Glacier  suffered 
severely  during  the  Yakutat  Bay  earthquakes  of  September,  1899,  but  had  a  net  advance 
between  1890  and  1905.*  Norris  Glacier,  to  which  the  name  Windom  Glacier  was  tempo- 
rarily applied,  is  reported  ^  to  have  lost  part  of  its  end  following  the  1899  earthquakes, 
perhaps  because  of  washing  away  of  supporting  gravels. 

Glaciers  East  of  Lynn  Canal.  On  the  east  side  of  this  great  fiord  a  group  of  glaciers 
descend  from  the  snowfields  of  the  Canadian  Coast  Range,  the  better-known  valley  gla- 
ciers, named  in  order  from  Juneau  northward  to  Skagway,  being  the  Mendenhall,^  Her- 
bert, Eagle,  Meade,*  and  Ferebee  Glaciers.     They  are  well  diiown  on  a  niunber  of  maps.^® 

Besides  these  large  glaciers  that  bear  names  there  are  as  many  glaciers  of  equal  size 
that  are  as  yet  imnamed  because  not  seen  from  Lynn  Canal,  as  for  example  the  five  glaciers 
terminating  ten  to  fifteen  miles  back  from  Lynn  Canal  in  the  valleys  draining  to  Bemers 
Bay.  There  are  also  hundreds  of  minor  glaciers,  such  as  the  Lemon  Creek  Glacier  and 
others  near  Juneau,^^  and  the  glaciers  on  the  north  side  of  Lion's  Head  Moimtain,  Bemers 
Bay." 

The  region  from  which  the  Mendenhall,  Taku,  and  adjacent  glaciers  extend  is  a  typical 
ice-flooded  region,  an  area  of  many  square  miles  between  Taku  Inlet,  Lynn  Canal,  and 
the  international  boimdary  having,  according  to  the  map,  a  larger  proportion  of  snow- 
fields and  valley  glaciers  than  of  projecting  mountain  ridges  and  isolated  peaks.  Many 
of  the  ice  tongues  are  through  glaciers. 

>  GwOlim,  J.  C,  Ged.  Survey  of  Canada,  Ann.  Kept.,  Vol.  XII,  1902,  pp.  I4B-15B  and  map  742. 
>Qooted  by  Klotz,  Geog.  Joum,  Vol.  XIV,  1899,  p.  531. 

>  Muir,  John,  Amer.  GeoL,  XI,  1893,  p.  293. 

« RiMselL  I.  C,  Glaciers  of  North  America,  Boston,  1897,  pp.  78--80. 

>  For  example,  Davidson,  George,  Trans,  and  Proc.  Geog.  Soc.  Pacific,  Vol.  Ill,  1904,  pp.  79-81. 
Egerton*  H.  G.,  Alaska  and  Its  Glaciers,  Nineteenth  Century,  Vol.  32,  p.  1001. 
Sgginson,  Ella,  Alaska,  the  Great  Country,  New  York,  1908,  pp.  110-113. 

Greely.  A.  W.,  Handbook  of  Alaska,  New  Yoric,  1909,  pp.  153-154. 

•  Rdd,  H.  F.,  Variations  of  Glaciers,  Joum.  Geol.,  Vol.  XIII,  1905,  p.  317;  Same,  Vol.  XIV,  1906,  p.  408. 
'  Reid,  H.  F.,  Variations  of  GUders,  Joum.  Geol.,  Vol.  XI,  1901,  p.  253. 
■  Knopf,  A..  Bull.  502.  U.  S.  Geol.  Survey,  1912,  pp.  11-13,  32-33,  and  PI.  I. 
•Sheldon,  Charles,  The  TOldemess  of  the  Upper  Yukon,  New  York,  1911.  pp.  172-174. 
»  Coast  Survey  Charts  8050,  8300,  8302,  8303. 
Atlas  of  Award*  Alaskan  Boundary  Tribunal,  Charts  13,  16a,  17. 
Bun.  287,  U.  S.  Geol.  Survey,  1906,  PI.  XXXVHI. 

^  Eldridge,  G.  H.,  Maps  and  Descriptions  of  Routes  of  Exploration  in  Alaska  in  1898,  U.  S.  Geol.  Survey, 
Washington,  1899,  p.  102. 
Juneau  Special  Map,  1904,  U.  S.  Geol.  Survey. 

"Knopf,  A..  Bull.  446,  U.  S.  Geol.  Survey,  1911.  p.  12  and  PI.  I;      Bemers  Bay  Special  Map,  Akska, 
Sheet  No.  581, 1906,  U.  S.  Geol.  Survey. 
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None  of  these  glaciers  are  now  tidal,  although  Mendenhall  Glacier,  which  is  17  miles 
long  and  two  to  three  miles  wide  at  its  terminus,  descends  to  within  less  than  100  feet  of 
sea  level.  References  to  floating  ice  here  in  1794  by  Vancouver's  lieutenant,  Whidbey, 
and  by  Sir  George  Simpson  in  1841,  as  well  as  the  Admiralty  and  Hydrographic  charts 
of  1865  and  1869,  have  convinced  Davidson  that  Mendenhall  Glacier  reached  tidewater 
in  those  years.^  He  quotes  Manson's  observations,  based  on  a  miner's  stakes  near  Men- 
denhall Glacier,  as  proving  a  retreat  of  40  or  50  feet  a  year  between  1892  and  1901. 

Davidson  has  briefly  described  the  glaciers  and  glaciation  of  the  head  of  L3mn  Canal 
or  Taiya  Inlet  ^  and  Schwatka '  has  described  the  Saussure,  Baird,  and  several  other 
small  glaciers  between  Lynn  Canal  and  Lake  Lindemann.  Andrews  reports  that  eight 
glaciers  near  Skagway  were  all  retreating  rapidly  in  1903,  one  having  gone  back  30  or  40 
feet  annually  since  1898.^  The  Erause  brothers  visited  some  of  these  glaciers  in  1881.*^ 
Denver  Glacier  is  visited  annually  by  hundreds  of  tourists. 

White  Pass  and  Chilkoot  Pass,  which  were  crossed  by  thousands  of  gold-seeking  pros- 
pectors in  the  rush  to  the  Elondike  during  the  late  nineties,  are  not  covered  by  glaciers, 
although  there  are  many  ice  tongues  in  the  mountains  nearby.  These  passes,  2,600  and 
3,600  feet  respectively  above  sea  level,  were  snow-covered,  however,  at  the  time  of  the 
rushes,  especially  in  the  early  spring.  Russell  has  called  attention  to  the  5  or  6  small 
glaciers  seen  by  him  in  1889,  and  commented  upon  the  fact  that  those  on  the  north  side 
of  the  Coast  Range  are  much  smaller  than  those  on  the  south  *  where  he  saw  forty  small 
glaciers  from  a  single  viewpoint.  In  1896  J.  E.  Spun*  observed  that  the  glaciers  on  the 
south  side  of  the  Coast  Range  were  retreating.^ 

St.  Elias  Range 

Glaciers  West  of  Lynn  Canal,  On  the  west  side  of  Lynn  Canal  a  series  of  glaciers  de- 
scend from  the  slopes  of  the  St.  Elias  Range,  though  none  reach  sea  level.'  These  include 
a  nimiber  of  valley  glaciers  in  the  region  drained  by  the  western  tributaries  of  the  Chil- 
kat  River,  including  the  Knapp,  Leslie,  Jarvis,  Le  Blondeau,  Takhin,  Bertha,  and  Garri- 
son Glaciers  and  the  glaciers  whose  streams  flow  directly  to  Chilkat  Inlet  or  Lynn  Canal, 
such  as  Rainbow  Glacier,  the  well-known  piedmont  bulb  of  Davidson  Glacier,  and  a  series 
of  unnamed  ice  tongues,  some  of  which  are  through  glaciers  descending  from  the  snowfields 
that  also  feed  Muir  Glacier  on  the  west  side  of  the  same  range.  Wright  has  discussed 
the  general  glaciation  of  the  Porcupine  gold  district.  • 

>  Davidson,  George,  The  Glaciers  of  Alaska  that  are  Shown  on  Russian  Charts  or  Mentioned  in  Older  NaR»- 
tives.  Trans,  and  Proc.  Geog.  Soc.  Pacific,  Vol.  HI,  1904,  pp.  78-79. 

« Bull.  Phila.  Geog.  Soc.,  Vol.  11,  1900,  pp.  108-114. 

>  Science,  Vol.  Ill,  1884,  p.  220;  Report  of  a  Military  Reconnaissance  Made  in  Alaska  in  1888,  Coiiq>iUtioii 
of  Narratives  of  Exploration  in  Alaska,  Washington,  1900,  pp.  295-296  and  map. 

« Quoted  by  Reid,  H.  F.,  Variations  of  Glaciers,  Joum.  GeoL,  Vol.  XII,  1904,  p.  260. 

» Krause,  Arthur  and  Aurcl,  Ergebnisse  einer  Reise  nach  der  Nordwest  KUste  von  Amerika  und  der 
Berings-Strasse,  Jena,  1885;  Krausc,  Arthur,  Zdtschrift  der  Ges.  fiir  Erdkunde  zu  Berlin,  Vol.  XVm,  1888. 

•  Russell,  I.  C,  Surface  Geology  of  Alaska,  Bull.  Geol.  Soc.  Amer.,  Vol.  1, 1890,  pp.  148-151. 
T  Quoted  by  Reid.  H.  F.,  Variations  of  Glaciers,  Joum.  Geol.,  Vol.  V,  1897,  p.  381. 

•  Coast  Survey  Charts  8050.  8800,  8302,  8303. 

Atlas  of  Award,  Alaskan  Boundary  Tribunal,  Sheets  14, 17, 18. 

PI.  XLIX,  2l8t  Ann.  Rept,  U.  S.  Geol.  Survey,  Part  D,  1899-1900;  PI.  XXXVH;  BuU.  287,  U.  S.  GcoL 
Survey,  1906. 

•  Wright,  C.  W.,  BuU.,  286,  U.  S.  GeoL  Survey,  1904,  pp.  14, 18-19,  and  PL  D,  V. 
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In  this  r^oD  the  Takhin  and  Le  Blondeau  Glaciers  are  of  espedal  interest  because 
they  seem  to  have  blocked  the  Takhin  valley,  about  i5  miles  west  of  Haines  Misdou, 
diverting  the  upper  ten  miles  of  this  stream  northeastward  into  Salmon  River  or  Tsirku 
Creek  which  flows  into  Chilkat  River  at  Klukwan.^  Rainy  Hollow  Glacier  had  an 
advance  of  over  2000  feet  between  June  and  September,  1010,  as  observed  by  Webster 
Brown.* 

Davidson  Glacier  which  has  been  described  by  Davidson,  Blake,  Muir,  Meehan,  Rus- 
sell, Gilbert,  and  others  *  seems  to  have  been  one  of  the  6rst  bulb  glaciers  recognized  in 
Alaska,  Russell  having  described  and  «Eplatned  its  fan-shaped  terminus. 

Glaciers  of  Glacier  Bay.  These,  the  most  visited  glaciers  in  Alaska,  include  the  Muir, 
Carroll,  and  Rendu  ice  tongues  that  flow  south  or  west  from  the  portion  of  the  St.  EUas 
Range  just  described,  the  Wood,  Geikie,  Charpentier,  Hugh  Miller,  and  Johns  Hopkins 
Glaciers  that  Sow  eastward  from  the  Fairweather  Range,  and  the  Grand  Pacific  Glacier 
which  flows  southward  between  these  two  divisions  of  the  St.  Elias  Range,  heading  as  a 
through  glacier,  as  does  the  Dorthem  part  of  the  Muir,  on  a  flat  divide  that  sends  an  ice 
tongue  northward  to  the  AJsek  River.  There  are  eleven  tidal  glaciers  here,  of  which  Muir 
Glacier  alone  has  a  drainage  area  of  over  800  square  miles  and  over  350  square  miles  of 
Racier  surface.    Its  two  main  tributaries  are  20  and  22  miles  long. 

Glaaer  Bay  was  visited  by  Vancouver  in  1794  and  later  by  several  of  the  Russian  ex- 
plorers. The  modem  visits  be^n  with  those  of  Ueutenant  Wood  in  1877  *  and  John 
Muir  in  1879  and  1880.*  Glacier  Bay  was  discovered  in  the  sense  of  being  made  known 
to  the  world  *  by  John  Muir,  whose  name  is  fittingly  attached  to  the  grandest  of  its 
^aciers.  After  Muir's  visits,  Muir  Glacier  was  first  studied  scientifically  by  G.  W.  Lam- 
plogh  in  1884  '  and  by  G.  F.  Wri^t  in  1886.'  All  the  ice  tongues  were  studied  and 
mi^ped  carefully  by  H.  F.  Reid  in  1890  and  1892,*  H.  P.  Cushing  sharing  the  observa- 
tions of  Muir  Glacier  in  1890.'*  I.  C.  Russell  abo  made  brief  observations  of  Muir 
Glaaer  in  1800."  The  region  was  remapped  by  the  Canadian  Boundary  Survey  in 
1895,"  and  revisited  by  Muir  in  1898." 

1  See  PL  XXXVII,  Boll.  287,  U.  S.  Geol.  Survey. 
•Joum.  Geol.,  Vol.  XXI.  1S13.  p,  426. 

>  DsvidaoD.  George,  House  Extra  Doc.  177,  40th  Congress,  2d  Besiioii,  1868,  p.  270;  Glader*  of  Aluks,  ete., 
Traiw.  u>d  Proc.  Geog.  Soc  FaciBc,  Vol.  Ill,  1904,  pp.  73-76. 
Blake,  T.  A.,  House  Ex.  Doc.,  40th  Congress,  ed  Session.  1868,  p.  S21. 
Mnir,  John.  Amer.  Geol.,  Vol.  XI,  189S,  p.  293. 

H«eh«ii.  nomu.  Notes  on  Glaciers  in  Alaska,  Proc.  Philadelphia  Acad.  Sdenoe,  1383,  pp.  ii9-iSS. 
Busaell.  I.  C,  Bull.  Geol.  Soc.  Amer..  Vol.  1, 1890,  p.  1S2. 
Gilbert.  G.  K.,  Hanimao  Alaska  Expedition,  Vol.  ID,  1901.  pp.  12-16. 
■  Wood,  C.  E.  S.,  Centuiy,  Vol.  U,  1882,  pp.  SSS-SSfi. 

•  Muir,  John,  Amer.  Geol.,  Vol.  XI,  18SS,  pp.  294-199:  Century,  Vol.  XXVUI,  1895,  pp.  234-247;  Harrinian 
Uuka  Expedition.  Vol.  1.  1902,  pp.  Ii£-li8. 

•  Scidmore,  E.  R.,  The  DiscoTery  of  Glader  Bay,  Alaska,  Nat.  Geog.  Mag.,  Vol.  VII,  1896,  pp.  140-146. 
'  Nature,  Vol.  33, 1886.  pp.  299-SOI. 

•  Wri^t.  G.  P.,  Amer.  Joum.  Sd.,  Vol.  XXXHI,  1887.  pp.  ]-18i  Ice  Age  in  North  America.  1891,  pp.  36-66; 
H*n  and  the  Gladsl  Period,  1892.  pp.  24-30. 

•  Bdd,  H.  F.,  Studies  of  Miur  Glacier,  Alaska,  Nat.  Geog.  Mag.,  Vol.  IV,  1802,  pp.  1»~84;  Glader  Bay  and 
lUGIaders,  I6lh  Ann.  Sept.,  U.  S.  Geol.  Survey,  Part  I,  1896,  pp.  421-461. 

"Amer.  Geol..  Vol.  Vni,  1891,  pp.  207-230. 

"  Anwr.  Geol..  Vol.  Dt.  1802,  pp.  190-197. 

"  Adas  oT  Award,  Alaskan  Boundary  Tribunal,  Sheets  14,  IS,  16.  17,  IS,  10. 

"See  H.  P.  Sdd's  Variations  of  Gladen,  Jour.  Geol.,  Vol.  V,  1807,  p.  «81. 
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The  Harriman  Alaska  Expedition  visited  Glacier  Bay  in  1899  and  John  Muir  and  G.  K. 
Gilbert  studied  the  glaciers  and  glaciation.^  Andrews  and  Case  *  made  brief  observa- 
tions of  Muir  Glacier  in  1902,  and  a  United  States  Geological  Survey  Expedition  in  1906» 
under  charge  of  F.  E.  and  C.  W.  Wright,  made  detailed  studies  and  maps,  as  yet  only 
published  in  abstract.'  In  1907  the  Boimdary  Survey  work  resulted  in  additional  ob- 
servations which  have  been  briefly  described  by  Klotz  *  and  by  Morse  *  and  more  recently 
published  in  a  new  United  States  Coast  and  Geodetic  Survey  chart  *  whose  comparison 
with  that  of  1892  ^  shows  the  great  glacial  retreat  that  has  been  going  on  in  this  region 
and  which  has  been  summarized  by  H.  F.  Reid.®  In  1911  Glacier  Bay  was  visited  by 
the  authors  of  this  book  *  who  found  most  of  the  ice  tongues  retreating,  though  Rendu 
Glacier  had  advanced  1)  miles.  In  1912  the  Grand  Pacific  Glacier  was  mapped  by 
N.  J.  Ogilvie  of  the  Canadian  Boundary  Survey,  who  found  that  it  retreated  IJ  miles 
during  two  months,  making  a  new  Canadian  harbor.^®  In  1918  Glacier  Bay  was 
visited  by  an  excursion  of  the  Internationa]  Geological  Congress.  ^^  Afterwards  the 
junior  author  of  this  book  studied  several  of  the  ice  tongues  of  Glacier  Bay,  finding 
that  Grand  Pacific  Glacier  had  readvanced  and  destroyed  the  new  Canadian  harbor,^' 
and  that  the  Reid,  Lamplugh,  and  de  Margerie  Glaciers  had  also  advanced.  A  great 
nimiber  of  popular  descriptions  of  Muir  and  other  Glacier  Bay  ice  tongues  have  been 
written." 

Davidson  has  simimarized  the  information  based  upon  the  maps  and  reports  of  Van- 
couver, Tebenkof ,  and  the  Russian  navigators  and  agrees  with  Wright  and  Reid  that 
Muir  Glacier  and  the  other  ice  tongues  of  Glacier  Bay  extended  25  to  40  miles  farther  to 
the  south  in  1794.  He  also  refers  to  native  legends  of  the  greater  extension  of  these 
glaciers.^* 

Muir  Glacier  receded  about  Ij  miles  between  Muir's  observations  of  1879-1880  and 
Reid's  in  1890  and  the  several  fronts  of  Grand  Pacific  Glacier  retreated  from  one  to  six 
miles.  Between  1890  and  1892  Muir  Glacier  advanced  about  300  yards,  retreating 
about  the  same  amoimt  between  1892  and  1894.  Between  1879  and  1896  Rendu  and 
Carroll  Glaciers  retreated  2  to  4  miles.  Between  1899  and  1907  Muir  Glacier  retreated 
about  Si  miles  and  Grand  Pacific  Glacier  about  8  miles.    The  rapid  retreat  of  the 

1  Harriman  Alaska  Expedition,  Vol.  HI,  1904.  pp.  16-89. 
« Nat.  Geog.  Mag..  Vol.  XIV,  1903,  pp.  441-444. 

•  Joum.  Geol.,  Vol.  XVI,  1908,  pp.  5^-53. 

« Klotz,  Otto,  Geog.  Joum,,  Vol.  XXX,  1907,  pp.  41^^21. 

•  Morse,  Fremont,  Nat.  Geog.  Mag.,  Vol.  XIX,  1908,  pp.  76-78. 

•  Chart  8806. 
'Chart  8095. 

I  Variations  of  Glaciers,  Joum.  Geol.,  Vol.  EX,  1901,  p.  253;  X,  1902,  p.  817;  XI,  1908,  p.  287;  XII,  1904,  pp. 
258-260. 

•  See  H.  F.  Reid's  Variations  of  Glacien,  Joum.  Geol.,  Vol.  XXI,  1913,  pp.  425-426. 

1*  Martin,  Lawrence,  Glaciers  and  International  Boundaries,  Scientific  American  Supplement,  Vol. 
LXXVI.  1913.  pp.  129.  136-188. 

"Martin,  Lawrence,  Guide  Book  No.  10,  Excursion  C  8,  International  Geological  Congress.  Ottawa* 
1913.  pp.  121-132.  and  table  of  errata. 

M  Martin,  Lawrence,  The  Literary  Digest,  Vol.  XLVII,  No.  1229,  Nov.  8,  1918,  p.  871,  and  thiee  maps. 

>«  Burroughs,  John,  Harriman  Alaska  Expedition*  Vol.  I,  1902,  pp.  85-48. 

Egerton,  H.  G.,  Alaska  and  Its  Glaciers,  Nineteenth  Century,  Vol.  22,  pp.  997-999. 

>«  Davidson,  George,  Trans,  and  Proc.  Geog.  Soc  Pacific  VoL  HI,  1904»  pp.  66-72. 
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recent  period  began  just  after  the  Harriman  Expedition's  observations  in  June,  1899» 
and  seems  to  have  been  initiated,  and  perhaps  somewhat  hastened,  by  the  shaking  during 
the  severe  Yakutat  Bay  earthquakes  of  September,  1899,  but  in  large  part  as  a  result  of 
the  increased  area  of  ice  front  exposed  to  iceberg  discharge.  The  rapid  retreat  of  Muir 
Glacier.has  resulted  in  the  loss  of  much  of  its  scenic  beauty  and  in  its  relative  inaccessi- 
bility to  tourist  steamers  between  1899  and  1909  because  of  the  increased  amount  of 
floating  ice.  This  retreat  is  also  dismembering  the  glacier  systems  so  that  the  number  of 
separate  ice  fronts  is  continually  increasing. 

Alexander  Archipelago.  Chicagof ,  Baranof ,  Eaiizof ,  Admiralty,  Kupreanof ,  and  Prince 
of  Wales  Islands  and  the  smaller  islands  of  the  Alexander  Archipelago  seem  to  have  all 
been  glaciated  but  only  small  glaciers  are  known  to  linger  upon  them.  Brooks  shows 
two  smaU  glaciers  upon  Baranof  Island  east  of  Sitka  ^  on  one  of  his  maps  and  Knopf 
has  alluded  to  several  small  glaciers  here.^ 

Glaciers  on  Pacific  Coast  of  Fairweather  Ranged  There  are  a  nimiber  of  ice  tongues 
that  flow  south  or  west  from  the  Fairweather  Range  either  to  Cross  Sound  and  Icy  Strait 
or  to  the  Pacific.  Among  these  is  the  Brady  Glacier,  a  through  glacier  heading  on  the 
divide  with  Reid  Glacier  of  Glacier  Bay  and  having  a  length  of  27  miles  and  a  width  of 
2}  to  6  miles.  It  is  not  tidal  but  ends  within  2  miles  of  Taylor  Bay.  It  advanced  5 
miles  between  1794  and  1894,^  and  Muir  reports  that  it  was  advancing  and  destroying 
trees  in  1880.* 

LaPerouse  Glacier  is  a  small  piedmont  glacier  near  the  base  of  Mt.  Fairweather,  and 
snd  the  only  Alaskan  ice  tongue  that  enters  the  open  ocean  and  discharges  icebergs  at 
present.  It  was  visited  and  studied  carefully  by  G.  K.  Gilbert  in  June,  1899,*  when 
he  found  that  it  had  retreated  one  or  two  himdred  yards  from  a  forest  edge  into 
which  it  was  advancing  in  September,  1895,  as  shown  by  a  photograph  from  a  Fish  Com- 
mission vessel.  The  junior  author  on  October  5,  1904,  and  both  of  us  in  September, 
1909,  saw  LaPerouse  Glacier  from  a  steamer  close  in  shore  and  it  had  then  retreated  still 
farther  from  the  forest  than  when  Gilbert  was  there  ten  years  before.  The  same  was  true 
in  1906  when  the  Wright  brothers  of  the  United  States  Geological  Survey  were  there.' 
Between  September  4,  1909,  and  June  10,  1910,  when  the  junior  author  was  fortunate 
enough  to  see  the  glacier  from  another  vessel  close  inshore,  the  LaPerouse  Glacier  had  ad- 
vanced across  the  barren  zone  of  three  to  six  himdred  feet  observed  by  Gilbert,  plus  the 
thousand  feet  or  so  of  additional  retreat  during  the  ensuing  ten  years,  and  was  once 
more  destroying  the  forest  on  both  margins,  as  it  had  been  fifteen  years  before.*  The 
glacier  next  east  of  LaPerouse  had  also  retreated  from  a  forest  edge  in  1899  but  was  not 
advancing  in  1909  or  1910. 

1  Brooks,  A.  H.,  Professional  Paper  45,  U.  S.  Geo!.  Survey,  1906,  PI.  XII. 

"Bull.  504.  U.  S.  Geol.  Survey.  1912,  pp.  10-11. 

>  U.  S.  Coast  and  Geod.  Survey,  Charts  3089,  8050,  and  8304;  Coast  Pilot,  Alaska,  Part  1, 1908,  PL  opposite 
p.  184. 

Atlas  of  Award,  Alaskan  Boundary  Tribunal,  Sheets  15,  16, 19. 

« Hotz,  Otto.  Geog.  Joum.,  Vol.  XTV,  1899,  pp.  526-528. 

» Reid.  H.  F.,  Variations  of  GUciers.  Joum.  Geol.,  Vol.  V,  1897,  p.  380. 

•  Harriman  Alaska  Expedition,  Vol.  m,  1904,  pp.  39-45. 

'  Personal  Communication  from  F.  £.  Wright. 

■Martin,  Lawrence,  Gletscheruntersuchungen  Ittngs  der  KUste  von  Alaska.  Petermanns  Geog.  Mitt., 
Jilirguig  1912,  Augustheft,  p.  78;  Joum.  Geol.,  Vol.  XIX,  1911.  p.  457. 
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The  tidal  glaciers  that  enter  Lituya  Bay  have  advanced  2^  to  3  miles  between  1786» 
when  mapped  by  LaPerouse,  and  1894  when  mapped  by  the  Canadian  Boundary 
Survey.^  DalP  thinks  at  least  a  mile  of  this  advance  was  between  1874  and  1894.  One 
of  these  glaciers  advanced  another  half  mile  between  1894  and  1906.' 

Farther  west  is  the  Grand  Plateau  Glacier,  formerly  thought  to  be  nearly  as  large 
as  the  Malaspina  and  Bering  Glaciers.  It  is  quite  unexplored  but  is  plainly  visible  from 
the  steamer.  It  was  named  by  LaPerouse  and  described  by  Vancouver  *  and  by  Dall.* 
What  was  erroneously  mapped  by  the  Boundary  Survey  in  1895  as  one  large  piedmont 
glacier  was  clearly  seen  by  the  junior  author  in  1913  to  be  at  least  two  separate  ioe 
masses. 

Glaciers  of  the  Lower  AUek  River.  These  ice  tongues  include  at  least  one  through  glacier 
heading  eastward  on  the  Glacier  Bay  divide  and  a  number  of  through  glaciers  heading 
westward  on  the  divide  with  the  glaciers  of  Russell  Fiord.  They  were  first  seen  by  Glave 
who  came  down  the  Alsek  River  in  1890.^  He  described  five  great  glaciers,  of  which  the 
lowermost,  Alsek  Glacier,  is  the  only  one  bearing  a  name.  One  of  these  is  the  northern 
terminus  of  the  through  glacier  called  Grand  Pacific  Glacier  in  Glacier  Bay.  At  least  one 
other  is  a  through  glacier  whose  western  termini  are  Nimatak  and  Hidden  Glaciers  of 
Russell  Fiord  and  Yakutat  Glacier,  east  of  Yakutat  Bay. 

The  Alsek  Glacier  and  part  of  the  glacier  system  west  of  the  river  were  mapped  by 
the  Boundary  Survey  in  1895.^  In  1906  Blackwelder  and  Maddren  visited,  mapped, 
and  briefly  described  the  Alsek  Glacier  as  well  as  the  Yakutat  Glacier  and  smaller 
ice  tongues  of  the  mountain  front  between  Alsek  River  and  Russell  Fiord, '  several 
of  which  had  been  roughly  mapped  by  a  United  States  Fish  Commission  party  in 
1901.*  In  1906  and  1908  the  Boimdary  Commission  parties  ascended  the  Alsek» 
making  more  detailed  maps  and  observations  of  the  ice  tongues  surveyed  by  Glave 
and  the  Canadian  Boimdary  Survey  party  of  1895.  They  found  ^®  the  northern 
terminus  of  Grand  Pacific  through  glacier  retreating  while  the  glacier  at  the  upper 
canyon  was  advancing  and  crushing  alder  bushes.  The  glacier  next  above  Alsdc 
Glacier,  a  terminus  of  the  Nunatak-Hidden- Yakutat  through  glacier  system,  was  %\ 
miles  back  from  the  river  and  thoroughly  stagnant.  Alsek  Glacier  was  more  active  in 
1908  than  in  1906. 

The  ice-flooded  region  between  Alsek  River  and  Russell  Fiord  is  a  typical  glaciated 
region,  with  all  the  valleys  filled  with  ice  and  many  detached  ridges  and  peaks  rising  above 
the  glacier  and  snowfield,"    It  is  a  distance  of  39  to  42  miles  by  the  through  glacier  sys- 

1  Klotz,  Otto,  Geog.  Jouni.,  Vol.  XIV,  1899,  pp.  524-526. 

s  DalL  W.  H.,  in  H.  F.  Reid's  Variatioiis  of  Glaciers,  Joum.  Geol.,  Vol.  VII,  1899,  p.  225. 

» Wright,  F.  E.  and  C.  W.,  Joum.  GeoL.  Vol.  XVI,  1908,  p.  53. 

«  Vancouver,  Capt.  Geoige,  Voyage  of  Discovery,  Vol.  V,  London,  1801,  pp.  358-S59. 

•  Dall,  W.  H.,  Joum.  Amer.  Geog.  Soc.,  Vol.  XXVm,  1896,  p.  3. 

•  Glave,  £.  J.,  Leslie's  Illustrated  Newspaper,  Vol.  71,  1891;  Century  Magazine,  Vol.  XXII,  1892,  p.  880. 
'  Atlas  of  Award,  Alaskan  Boundary  Tribunal,  Sheet  20;  PL  VII,  Professional  Paper  64,  U.  S.  Geol.  Survey, 

1909. 

•  Blackwelder,  Eliot,  Joum.  Geol.,  Vol.  XV,  1907,  pp.  415-433. 

•  PI.  XLIU,  Bull.  21,  U.  S.  Fish  Commission,  1902. 

10  Morse,  Fremont,  and  Netland,  L.,  Joum.  Geol.,  Vol.  XVII,  1909,  pp.  669-670;  see  also  photographs,  Nat. 
Geog.  Mag.,  Vol.  XX,  1909,  pp.  597,  598,  605. 
"  Atlas  of  Award,  Alaskan  Boundary  Tribunal,  Sheets  20  and  21. 
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tem  from  the  unnamed  second  glacier  of  Alsek  River  to  the  terminus  of  Hidden  or  Nuna- 
tak  Glacier  of  Russell  Kord,  the  valley  glaciers  averaging  two  to  five  miles  in  width  and 
reaching  elevations  of  from  2000  to  SOOO  feet  on  the  highest  divides.^ 

This  region  is  one  of  glacier  highways  from  Yakutat  Bay  to  the  Alsek  over  the 
Nunatak  or  Fourth  Glaciers.  Several  himdred  prospectors  utilized  the  Nimatak 
Clliird  Glacier)  route  in  1898,  among  them  the  Messrs.  Hill  from  whose  sketches 
the  United  States  Geological  Survey  has  compiled  a  map,*  which  shows  the  seven 
or  more  great  valley  glaciers  reaching  the  western  or  Kaskawulsh  branch  of  Alsek 
Biver»  and  the  otherwise  unexplored  glaciers  east  of  Mounts  Seattle  and  Hubbard. 
A  complex  system  of  through  glaciers  connects  the  Upper  Alsek  glaciers  with  the 
Nunatak  and  Hubbard  Glaciers  of  the  Yakutat  Bay  region,  the  distance  over  the  ice 
being  forty  miles  or  more. 

Glaciers  of  Yakutat  Bay  and  Mt.  St.  Elias.  The  Hidden,  Fourth,  Nunatak,  Variegated, 
Hubbard,  Haenke,  Turner,  Black,  Galiano,  Atrevida,  and  Lucia  Glaciers  of  Yakutat 
Bay,  Disenchantment  Bay,  and  Russell  Fiord,  and  the  Hayden,  Marvine,  Seward,  Agassiz, 
libbey,  Tyndall,  and  Guyot  tributaries  of  Malaspina  Glacier  are  to  be  so  fully  described 
in  later  chapters  that  they  will  not  be  further  discussed  here. 

Glaciers  North  of  the  St.  Elias  Range.  Throughout  this  loftiest  part  of  the  St.  Elias 
Bange,  10,000  to  19,000  feet,  whose  glaciers  are  still  largely  unexplored,  there  is  an  intri- 
cate system  of  through  glaciers  filling  the  valleys  and  passes.  For  140  miles  from  Alsek 
to  Copper  River  no  one  has  ever  yet  crossed  the  range.  A  striking  feature  is  the  smaller 
niunber  and  size  of  glaciers  on  the  north  or  leeward  side  of  the  range  in  contrast  with  the 
great  number  of  large  glaciers  that  cover  the  south  or  windward  side  in  the  Yakutat  Bay 
and  Mt.  St.  Elias  regions. 

These  ice-filled  valleys  of  the  main  St.  Elias  Range  include  unexplored  through  glacier 
systems  that  extend  from  Yakutat  Bay  to  the  upper  Alsek  as  well  as  to  the  headwater 
regions  of  the  White,  the  Tanana,  and  the  Copper  Rivers.  The  Abruzzi  party  in  1897 
named  the  Colombo,  A.  Q.  Sella,  and  other  glaciers  north  of  Mt.  St.  Elias.'  The  Kaska- 
wnlsh  or  O'Connor  or  Slims  River  Glacier  is  perhaps  the  northern  terminus  of  the  Hub- 
bard through  glacier  system.*  Its  two  streams  flow  one  to  the  Alsek  and  directly  to  the 
Pacific  Ocean,  the  other  to  White  and  Yukon  Rivers  and  Bering  Sea.  In  1899  and  1904 
Kaskawulsh  Glacier  was  retreating.'  Other  north-flowing  ice  tongues  of  the  St.  Elias 
Range  are  the  two  Donjek  River  glaciers,  20  to  23  miles  long,  the  Klutlan  Glacier,  and 
the  Russell  Glacier,  shown  on  several  maps  •  and  briefly  described  by  Hayes  in  1891,^ 

^  Unpublished  Map,  1906,  Sheet  2846,  Archives  U.  S.  Coast  and  Geodetic  Survey. 
*Akek  River  Region,  1:  360,000,  1905,  unpublished. 
•The  Ascent  of  Mt.  St.  Elias,  London,  1900,  pp.  156-160. 

« Map  of  Kluane,  White,  and  Alsek  Rivers,  Yukon  Terr.,  Dept.  of  Int.,  Canada,  1905. 
» Brooks,  A.  H.,  21st  Ann.  Rept.,  U.  S.  Geol.  Survey.  Part  II,  1899-1900.  PI.  XLIII.  PI.  XLV  A,  and  p.  S64. 
McConnell,  R.  G.,  the  Kluane  Mining  District,  Geol.  Survey  of  Canada,  Ann.  Rept.,  1904,  Vol.  XVI, 
pp.  2A,  9A,  lOA,  and  Map  894. 
•Nat.  Geog.  Mag.,  Vol.  IV,  1892,  PI.  20. 

«l8t  Ann.  Rept.,  U.  S.  Geol.  Survey,  1899-1900.  Part  11,  PI.  XLIII. 
Map  of  Kluane,  White  and  Alsek  Rivers,  Yukon  Terr.,  Dept.  of  Int.,  Canada,  1905. 
Professional  Paper  41,  U.  S.  Geol.  Siurvey,  PI.  XX. 

Chitina  Quadrangle,  Map  601,  Aliska,  U.  S.  Geol.  Survey;  Nizina  Special  Quadrangle,  Map  601B,  Alaska, 
11.  S.  Geol.  Survey. 
'Hayes,  C.  W.,  Nat.  Geog.  Mag.,  Vol.  IV,  1892,  pp.  151-154. 
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by  Brooks  in  1899  ^  and  by  Moffit  and  Capps  in  1908,*  during  which  time  they  have  ap- 
parently been  retreating  uniformly.  Logan  Glacier,  northwest  of  Mt.  St.  Elias  at  the 
headwaters  of  the  Chitina  River,  was  discovered  by  the  Boundary  Survey  in  1911J 
when  it  was  advancing. 

Glaciers  of  the  Wrangell  Mountains.  One  of  the  most  compact  systems  of  Alaskan 
glaciers  is  that  upon  the  Wrangell  Mountains,  10,000  to  16,000  feet,  where  the  Drop, 
West,  Copper,  Jacksina,  Nabesna,  Chisana,  and  minor  glaciers  flow  northward*  while 
the  Frederika,  Nizina,  Rohn,  Regal,  Kennicott,  Kuskulana,  Eluvesna,  Long,  Cheshnina, 
Chetaslina,  Dadina,  Nadina,  and  others  flow  south.  Nabesna  Glacier  is  55  miles  long 
and  2}  miles  wide.  Kennicott  Glacier  is  19  miles  long  and  2  to  S  miles  wide.  These 
glaciers  have  been  partly  or  wholly  described  and  mapped  by  Hayes  in  1891,  Rohn 
in  1899,  Schrader  and  Spencer  in  1900,  Mendenhall  and  Schrader  in  1902,  Moffit, 
Maddren,  and  Capps  in  1907  and  1908,  and  Dunn  in  1908,'  the  latter  being  the  first 
to  ascend  the  14,000  foot,  snow-sheathed  active  cone  of  Mt.  Wrangell.  The  snowfielda 
of  these  glaciers  nearly  cover  the  Wrangell  Moimtains,  which  include  four  volcanoes, 
Mts.  Wrangell,  Drum,  Sanford,  and  Blackburn.  The  lower  portion  of  Kennicott 
Glacier  and  several  adjacent  ice  tongues  were  accurately  mapped  in  1908  by  D.  C. 
Witherspoon  and  described  by  F.  H.  Moffit  and  S.  R.  Capps.*  In  1911  and  1912 
several  of  these  glaciers  were  traversed  by  Miss  Dora  Keen  in  her  ascent  of  Mt. 
Blackburn.^ 

The  radial  consequent  glaciers  of  Mt.  Sanford  are  notable,  as  is  the  unsymmetrical 
glacier  drainage  development  on  Mt.  Wrangell,  where  it  has  been  supposed  that  the 
greater  heat  on  the  steeper  west  side  of  this  active  volcano  results  in  melting  away  the 
western  glaciers.  Some  of  the  recent  lavas  overlie  glacial  deposits  but  have  been  them- 
selves glaciated  since  cooling.  Nabesna  and  Chisana  Glaciers,  northeast  of  Mt. 
Wrangell,  were  retreating  in  1898,  but  Nizina  and  Russell  Glaciers  advanced  between 
1899  and  1908.  Frederika  Glacier  was  advancing  when  seen  by  Hayes  in  1891  but 
had  begun  to  recede  before  the  visit  of  Moffit  and  Capps  in  1908,  while  the  small 
glacier  opposite  it  was  then  advancing. 

1  Brooks,  A.  H.,  21st  Ann.  Rept.,  U.  S.  Geol.  Survey,  1899-1900,  Part  11,  p.  364  and  PL  I. 

« Capps,  S.  R.,  Joum.  Geol.,  Vol.  XVUI,  1910,  pp.  48^5. 

» Hayes,  C.  W.,  Nat.  Gcog.  Mag.,  Vol.  IV,  1892,  pp.  153-154,  and  map,  PL  20. 

Schrader,  F.  C,  20th  Ann.  Rept.,  U.  S.  Geol.  Surv^,  1900,  p.  877. 

Rohn,  Oscar,  Copper  River  Exploring  Expedition,  Narratives  of  Explorations  in  Alaska,  Washington,  1900» 
pp.  791,  799-801,  820;  2l8t  Ann.  Rept.,  U.  S.  Geol.  Survey,  Part  n,  1900,  pp.  406-407,  and  map,  PL  OI. 

Schrader,  F.  C.  and  Spencer,  A.  C,  House  Doc  546, 56th  Congress,  2d  Session,  Washington*  1900,  pp.  81-S8; 
58-61,  76-81  and  map,  PL  H. 

Mendenhall,  W.  C.  and  Schrader,  F.  C,  Professional  Pkper  15,  U.  S.  Geol.  Survey,  1908,  PI.  m. 

Mendenhall,  W.  C,  Professional  Paper  41,  U.  S.  Geol.  Survey,  1905,  pp.  18,  62-72,  88-90,  and  map,  Fls. 
XIX  and  XX. 

Mendenhall,  W.  C,  Nat.  Geog.  Mag.,  Vol.  XIV,  1908,  pp.  895-407. 

Moffit,  F.  H.  and  Maddren,  A.  G.,  Bull.  374,  U.  S.  Geol.  Survey,  1909,  pp.  87-42,  and  map,  lis.  I,  XL 

Dunn,  Robert,  Harper's  Magaaine,  VoL  XCVHI,  1909,  pp.  479-509. 

Capps,  S.  R.,  Joum.  Geol.,  Vol.  XVIII,  1910,  pp.  83-57;  Science,  N.  S.,  VoL  30, 1909,  p.  974;  Joum.  GeoL,  VoL 
XVm,  1910.  pp.  359-375;  BuIL  417.  U.  S.  GeoL  Survey,  1910.  pp.  36-42. 

See  also  photographs,  Nat.  Geog.  Mag.,  VoL  XX,  1909,  pp.  612,  617,  618,  620,  621. 

•Bull.  448,  U.  S.  Geol.  Survey.  1911.  PL  11  and  pp.  43-59. 

•Keen.  Dora.  Scribner's  Magazine,  Vol.  52,  1912,  pp.  64-80;  Ladies'  Home  Journal,  Vol.  80»  Auguil* 
1918,  p.  7. 
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Glaciers  qf  the  Eastern  Chugach  Mountains.  The  Chugach  Mountains  are  a  part  of 
the  St.  Elias  Ranges  forming  the  Coast  Range  westward  from  Malaspina  Glacier  to  Cook 
Inlet,  and  are  from  6000  to  10,000  feet  in  altitude.  The  Bering  Glacier,  a  large  piedmont 
Racier  just  west  of  Mt.  St.  Elias,  and  largely  unexplored,  is  fed  by  unnamed  tributaries 
bom  the  south  side  of  the  Chugach  Mountains  and  descends  nearly  to  sea  level,  being 
{ringed  by  a  border  of  outwash  fans  from  Yakataga  to  Controller  Bay.  Its  area  is  prob- 
ably between  1000  and  1500  square  miles. 

^  Edward  Belcher  described  some  of  the  features  of  Bering  Glacier  in  1887,^  and  Seton 
Karr  observed  it  in  1886.^  Its  general  position  has  been  shown  upon  several  maps ' 
and  its  western  portion  was  carefully  mapped  *  and  described  in  1903-1906  by  Martin  • 
frho  also  briefly  described  the  adjacent  Martin  River  Glacier,  the  Slope  Glacier  and  the 
smidl  glaciers  of  Ragged  Mountain  near  Katalla. 

Glaciers  of  the  Lower  Copper  River.  The  Miles,  Childs,  Sheridan,  and  adjacent  glaciers 
of  the  front  of  Chugach  Mountains  and  lower  Copper  River  are  not  discussed  here  be- 
cause described  fully  in  later  chapters. 

Farther  up  Copper  River  the  glaciers  on  the  north  side  of  the  eastern  Chugach  Moim- 
tains  are  largely  unexplored.  One  of  them  is  Tana  Glacier  of  the  Nizina  headwaters, 
a  small  north  or  leeward-slope  glacier,  which  forms  a  striking  contrast  to  the  great  Bering 
Glacier  of  the  south  slope.  Schwan  and  Woodworth  Glaciers  *  drain  into  the  Copper  by 
Tasnuna  River^  and  there  are  smaller  ice  tongues  as  at  Cleave  Creek,  Worthington 
Glacier,  east  of  Valdez,  the  ice  tongues  at  the  head  of  Bremner  River,  and  many 
others. 

Glaciers  of  Prince  William  Sound.  The  Valdez,  Shoup,  and  Colimibia  Glaciers,  and  the 
ice  tongues  of  College  Fiord,  Harriman  Fiord  and  other  portions  of  Prince  William 
Sound  are  to  be  fully  described  in  later  chapters. 

Glaciers  North  of  the  Chugach  Mountains.  As  in  the  case  of  the  main  St.  Elias  Range 
this  part  of  the  same  range  shows  fewer  ice  tongues  on  the  north  or  leeward  side  than  those 
that  descend  on  the  ocean  side  to  Prince  William  Sound.  Many  of  them  are  of  good  size, 
however,  as  the  Knik,  Matanuska,  Tazlina,  and  others.  These  glaciers  were  first  mapped 
and  described  by  Mendenhall  and  Glenn  in  1898,  by  Martin  in  1905  and  by  Paige  an  d 
Knopf  in  1906.*    Several  of  the  larger  ones  may  be  through  glaciers  connecting  with 

1  Quoted  by  Blake,  Amer.  Joum.  Sd.,  2d  series.  Vol.  XLIU,  1867,  pp.  100-101,  and  by  Davidson,  Trans, 
and  Pioc.  Geog.  Soc.,  Padfic,  Vol.  Ill,  1904,  pp.  42-48. 

•Seton  Karr,  H.  W.,  Plroc.  Roy.  Geog.  Soc.,  Vol.  IX.  1887,  pp.  269,  274,  276;  Shores  and  Alps  of  Alaska, 
London,  1887,  pp.  138-142. 

*  U.  S.  Coast  and  Geod.  Survey,  Charts  8502  and  8513. 
U.  S.  Geol.  Survey,  Bull.  335, 1908,  PI.  I. 

« Map  of  Controller  Bay  Region,  No.  601  A,  U.  S.  Geo!.  Survey,  also  in  Bull.  335,  PL  II. 
Chitina  Quadrangle,  Map  601,  U.  S.  Geol.  Survey;  also  in  Bull.  374,  PI.  I. 

>  Bfartin,  G.  C,  Bull.  250,  U.  S.  Geol.  Survey,  1905,  pp.  16-17;  Bull.  335, 1908,  pp.  16, 46-54,  64-65.  and  map. 
Pis.  n  and  V. 

>  Schrader,  F.  C,  20th  Ann.  Rept.,  U.  S.  Geol.  Survey.  Part  VII,  1899,  pp.  362,  364,  396-398  and  map.  Pis. 
fOaDd21. 

'  Chitina  Quadrangle,  Map  601,  U.  S.  Geol.  Survey;  also  in  Bull.  374,  PL  I. 

•  MendenhaU.  W.  C,  20th  Ann.  Rept.,  U.  S.  Geol.  Survey,  Part  VII,  1900,  pp.  326-327  and  map.  No.  16. 
Glenn«  £.  F.,  War  Dept.,  Adj.  Gen.  Office,  No.  XXV,  1899,  p.  58  and  map  in  pocket. 

Martin,  G.  C.  Bull.  289,  U.  S.  Geol.  Survey,  1906,  pp.  7,  15.  and  map,  PL  I. 

Paige,  S.  and  Knopf,  A.,  Bull.  327,  U.  S.  Geol.  Survey,  1907,  pp.  33-37  and  map,  PL  I. 
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the  ice  tongues  of  Prince  William  Sound,  Tazlina  Glacier  perhaps  connecting  with 
Columbia  Glacier,  Matanuska  Glacier  with  Harvard  and  Yale  Glaciers,  and  Knik 
Glacier  with  Barry  or  some  other  glacier  of  Harriman  Fiord. 

Just  north  of  the  Chugach  Mountains  are  the  Talkeetna  Mountains,  5000  to  7500 
feet  high,  within  which  are  a  series  of  smaller  glaciers,  the  Chickaloon,  Talkeetna,  and 
others,  observed  by  soldiers  accompanying  Captain  Glenn,^  by  Martin,*  and  by  Paige 
and  Knopf,  and  shown  on  the  same  maps  as  those  of  the  northern  Chugach. 

Glaciers  of  the  Kenai  Peninsula,  The  Kenai  Mountains,  which  continue  the  Chugach 
Mountains  to  the  southwest  and  form  the  west  end  of  the  St.  Elias  Range,  rise  to  heights 
of  6000  to  7000  feet  and  send  valley  glaciers  east  to  Prince  William  Sound,  south  to  the 
Gulf  of  Alaska,  and  west  toward  Cook  Inlet.  There  are  many  tidewater  glaciers  in  west- 
em  Prince  William  Sound  and  on  the  south  of  the  Kenai  Mountains,  but  none  that  dis- 
charge directly  into  Cook  Inlet  on  the  west. 

The  ice  tongues  of  western  Prince  William  Sound  include  the  Portage  Glacier,  the 
glaciers  of  Blackstone  Bay,  Port  Nellie  Juan,  and  Icy  Bay.  There  are  glaciers  on 
the  south  side  of  Kenai  Peninsula  in  Port  Bainbridge,  Fairfield  and  Days  Harbors, 
Resurrection  Bay,  Aialik  and  Nuka  Bays,  and  Port  Dick.  In  the  interior  of  the 
peninsula  small  glaciers  discharge  into  Glacier  River,*  into  the  stream  feeding  Lake 
Skilak,  and  into  Lake  Tustumena.  In  the  southwestern  part  of  the  peninsula  the 
Grewingk,  Wosnessenski,  Doroshin,  and  Southern  Glaciers  descend  nearly  to  Kache- 
mak  Bay  and  Cook  Inlet.  Several  of  these  are  through  glaciers,  as  the  Portage  Gla- 
cier of  Passage  Canal  and  Tumagain  Arm,  the  Southern  Glacier  of  Tutka  Bay  and 
Port  Dick,  etc. 

A  number  of  the  glaciers  of  the  south  coast  of  Kenai  Peninsula  were  discovered  by  the 
Russians  and  are  shown  on  Tebenkof 's  chart  of  1849.  Those  in  western  Prince  William 
Sound  were  mapped  by  Vancouver's  lieutenant,  Whidbey,  in  1794  *  and  by  Applegate  in 
1887.*  The  glaciers  of  Kachemak  Bay  were  visited  by  Dall  in  1880,  by  Dall,*  Becker  and 
Curtiss  ^  in  1895,  and  by  Gilbert  and  the  Harriman  Expedition  in  1899.^  Grewingk 
Glacier  retreated  about  ^0  feet  between  1880  and  1895,  and  350  feet  between  1895  and 
1899. 

Dall  and  Becker*  have  alluded  to  the  evidences  of  former  glaciation  in  Kodiak 
and  Wood  Islands,  the  westward  extension  of  the  Kenai  Mountains,  as  amplified  later  by 
Gilbert.^®    No  glaciers  are  known  on  Kodiak  Island. 

1  Mathys,  F.  and  Bagg,  J.  S.,   Compilation  of  Narratives  of  Exploration  in  Alaska,  Washington,  1900,  pp. 
681,  682-683. 
« Martm.  G.  C.  and  Katz,  F.  J.,  Bull.  500.  U.  S.  Geol.  Survey,  1912,  pp.  25-26,  67-72. 

*  Tarr,  R.  S.  and  Martin,  Lawrence,  An  Effort  to  Control  a  Glacial  Stream,  Annals  Assoc.  Amer.  Geog.» 
Vol.  n,  1912,  pp.  25-40. 

*  Vancouver,  Capt.  George,  Voyage  of  Discovery,  London*  Vol.  V,  1801,  pp.  818-814. 

*  Davidson,  George,  Trans,  and  Proc.  Geog.  Soc.,  Pacific,  Vol.  m,  1904,  pp.  18-20,  22-28,  and  Maps  IV 
andV. 

*  Dall,  W.  H.,  Joum.  Amer.  Geog.  Soc.,  Vol.  XXVIII,  1896.  p.  15;  17tli  Ann.  Kept.,  U.  S.  Geol.  Survey,  Part 
L  1896,  PI.  LI;  18th  Ann.  Kept.,  U.  S.  Geol.  Survey,  Part  HI,  1898,  PL  XIII;  Coast  and  Geod.  Survey,  Chart 
8651;  Variations  of  Glaciers,  Joum.  Geol.,  Vol.  V,  1897,  p.  381. 

'  Curtiss,  F.  H.,  in  H.  F.  Reid's  Variations  of  Gkciers,  Joum.  Geol.,  Vol.  VI,  1898,  pp.  475-476. 
>  Gilbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  HI,  1904,  pp.  97-102. 

*  Becker,  G.  F.,  18th  Ann.  Rept,  U.  S.  Geol.  Survey,  Part  HI,  1898,  pp.  59-60. 
!•  Harriman  Alaska  Expedition,  Vol.  HI,  1904,  pp.  177-182. 
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Some  of  the  glaciers  of  the  interior  of  Kenai  Peninsula  ^  were  observed  by  Mendenhall 
in  1898  and  Moffit  in  1904.^  In  1908  and  1909  Grant  mapped  the  fronts  of  many  of  the 
^aders  of  eastern  and  southern  Kenai  Peninsula.'  The  former  were  studied  in  1910  by 
the  junior  author  of  this  book,  and  are  described  in  later  chapters. 

The  Alaska  Range 

Glaciers  of  the  Nvizotin  and  Mentaeta  Mountains.  The  eastern  end  of  the  Alaska  Range 
mcludes  the  Nutzotin  and  Mentasta  Mountains  which  rise  to  heights  of  5000  to  10,000 
feet.  Being  relatively  low  and  in  a  region  of  low  precipitation,  because  in  the  lee  of  the 
higher  Chugach  and  Wrangell  Mountains  of  the  St.  EUas  Range,  they  nourish  only  a  few 
small  glaciers,  some  of  which  were  seen  by  Brooks  in  1899,*  by  Schrader  and  Witherspoon 
in  1902  *  and  by  Moffit,  Knopf,  and  Capps  in  1908.* 

Glaciers  of  the  Copper  River  Headwaters,  The  region  between  Mt.  Kimball  and  Mt. 
Hayes  in  the  Alaska  Range  rises  to  heights  of  from  8000  to  13,000  feet.  It  must  receive 
more  snowfall  than  the  same  range  farther  to  the  east,  in  the  lee  of  Wrangell  Mountains, 
for  it  has  large  snowfields  and  sends  good-sized  glaciers  southward  into  the  Copper  River 
ralley  and  smaller  ones  northward  into  the  drainage  basin  of  the  Tanana  and  Yukon. 
These  ice  tongues  include  the  Chistochina,  West  Fork,  Gakona,  Gulkana,  Canwell,  and 
Castner  Glaciers.  The  first  three  glaciers  drain  to  Copper  River  and  the  Pacific  Ocean, 
the  last  two  to  the  Tanana  and  Yukon  Rivers  and  Bering  Sea,  while  Gulkana  Glacier 
sends  one  stream  each  way. 

Gakona  Glacier  is  a  simple,  single,  consequent,  valley  glacier  13  miles  long  and  3  miles 
wide  and  with  its  direction  of  flow  at  right  angles  to  the  axis  of  the  Alaska  Range.  West 
Pork  Glacier  is  similarly  simple.  East  of  Mt.  Kimball  is  a  series  of  three  small  consequent 
valley  glaciers,  each  about  five  miles  long,  which  enter  an  east-west  valley  parallel  to 
the  axis  of  the  range.  The  easternmost  of  the  three  glaciers  turns  eastward  in  an  un- 
ssrmmetrical  piedmont  bulb  a  mile  long,  draining  to  Slana  River.  The  westernmost 
similarly  turns  westward  in  a  one-sided  piedmont  bulb  a  mile  long,  draining  to  the  Middle 
Fork  of  Chistochina  River.  The  middle  glacier  makes  a  symmetrical  bulb  whose  drain- 
age also  goes  westward  under  the  last-named  glacier.  These  are  consequent  valley 
^aciers  terminated  by  piedmont  bulbs  which  divide  a  subsequent  valley  into  two 
compartments. 

West  of  these  little  glaciers  is  Chistochina  Glacier,  a  piedmont  through  glacier  in  a 
later  stage  of  development.  It  heads  in  two  valleys.  Middle  and  West  Forks  of  Chisto- 
china River.  It  is  10  miles  long,  a  mile  and  a  half  to  two  miles  wide  and  extends  east 
and  west  paralleling  the  axis  of  the  Alaska  Range,  from  which  it  is  fed  by  seven  con- 
sequent valley  glaciers  two  to  four  miles  long,  and  by  four  smaller  tributaries  from  the 
lower  hills  on  the  south.    This  seems  to  be  a  subsequent  glacier. 

» Mendenhall,  W.  C,  20th  Ann.  Kept.,  U.  S.  Geol.  Survey,  Part  VII,  1900,  pp.  828-829. 
Moffit,  F.  H.,  Bull.  277,  U.  S.  Geol.  Survey,  1906,  pp.  81-82  and  map,  PI.  11. 

*  Grant,  U.  S.  and  Higgins,  D.  F.,  Coastal  Glaciers  of  Prince  William  Sound  and  Kenai  Peninsula,  Bull. 
626,  U.  S.  Geol.  Survey,  1913,  pp.  52-72,  see  Bull,  379.  U.  S.  Geol.  Survey,  1909,  PI.  IV;  Joum.  Geol.,  Vol. 
XVn,  1909,  pp.  670-671.  and  Bull.  Amer.  Geog.  Soc.,  Vol.  XLIII,  1911,  pp.  721-787. 
« Brooks,  A.  H.,  21st  Ann.  Rept,  U.  S.  Geol.  Survey,  Part  II,  1901,  p.  864. 
« Professional  Paper  41,  U.  S.  Geol.  Survey,  1905.  PI.  XX. 
» Moffit,  F.  H.  and  Knopf,  A.,  Bull.  379,  U.  S.  Geol.  Survey,  1909,  pp.  162,  169. 
Capps,  S.  R.,  Joum.  Geol.,  Vol.  XVm,  1910,  p.  86. 
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The  Canwell  and  Castner  Glaciers  were  seen  and  mapped  by  Mendenhall  and  Glenn  in 
1898,^  and  briefly  visited  by  the  authors  of  this  book  in  1911.  Those  to  the  east  were 
mapped  and  described  by  Mendenhall  and  Gerdine  in  1902.'  West  of  the  Canwell  and 
Castner  Glaciers,  which  terminate  in  the  valley  of  Delta  River,  are  a  number  of  large 
ice  tongues  near  Mt.  Hayes.  They  have  been  mapped  by  the  U.  S.  Geological  Sur^ 
vey.  Those  on  the  southern  side  of  the  Alaska  Range  have  been  briefly  described  by 
Moffit*  and  those  on  the  northern  side  by  Capps.* 

Glaciers  of  the  ML  McKinley  Region.  This  portion  of  the  Alaska  Range,  between  Mt. 
Hayes  and  Lake  Clark,  averages  7000  to  10,000  feet  throughout  its  length  and  rises  to 
17,000  in  Mt.  Foraker  and  £0,300  feet  in  Mt.  McKinley,  the  latter  being  the  highest 
peak  in  North  America.  The  east  end,  near  Mt.  Hayes,  is  largely  unexplored;  the  west 
end  has  only  small  glaciers;  but  the  central  portion,  near  Mt.  McKinley,  supports  some 
large  valley  glaciers.  Those  on  the  southeast  slope  are  larger  than  those  on  the  northwest. 
The  ice  tongues  on  the  northwest  include  the  Herron,  Rearbum,  Shainwald,  Peters, 
Muldrow,  and  Harvey  Glaciers.  On  the  southeast  side  are  the  Fidele,  Ruth,  Kahiltna, 
Tokichitna,  Caldwell,  Fleishmann,  Hayes,  Stoney,  and  many  unnamed  glaciers. 
Several  of  these  glaciers  on  the  south  are  SO  or  40  miles  long. 

These  glaciers  have  been  observed  and  mapped  by  Dickey  in  1897,  Eldridge,  Muldrow, 
and  Spurr  in  1898,  Herron  in  1899,  Brooks  in  1902,  Cook  and  Dunn  in  1903,  Cook,  Par- 
ker, and  Porter  in  1906.*  All  have  been  retreating  so  far  as  observed.  Several  were 
utilized  as  hi^ways  by  Dunn  and  Parker  in  their  unsuccessful  attempts  to  climb  Mt. 
McKinley  in  1903  and  1908,  as  well  as  by  Parker  and  Brown  and  by  Stuck  in  their 
successful  ascents  of  the  mountain  in  1912  and  1913. 

Alaska  Peninsula  and  Aleuitan  Islands 

Glaciers  of  the  Chiffmit  Mountains.  These  low  mountains,  2000  to  5000  feet,  have 
large  glaciers  practically  only  where  volcanoes  rise  to  a  sufficient  hei^t  to  have  sno^- 
fields.     Of  these  active  volcanoes  Mts.  Redoubt  and  Iliamna,  11,000  and  12,000  feet 

>  Mendenhall,  W.  C,  20Ui  Ann.  Rept.,  U.  S.  Geol.  Survey,  Part  VII,  1901,  pp.  827-S28.  880-881,  and  Map 
16;  abo  photograph,  Nat.  Geog.  Mag.,  Vol.  XX,  1009,  p.  616. 

Glenn,  £.  P.,  War  Dept,  Adj.  Gen.  office.  No.  XXV,  1899,  pp.  1-72  apd  map. 

>  Professional  Paper  15,  U.  S.  Geol.  Survey,  1903,  p.  58  and  PI.  IX;  Professional  Paper  41, 1905,  pp.  89-00, 
and  map,  PI.  XIX. 

•Moffit,  F.  H.,  Bull.  498,  U.  S.  Geol.  Survey,  1912.  pp.  89-45,  51-58.  and  PI.  I. 

«Capp8,  S.  R..  Bull.  501,  U.  S.  Geol.  Survey,  1912,  pp.  84-41,  and  PI.  I,  Joum.  Geol.,  Vol.  XX,  1912, 
pp.  428-480,  482-8. 

» Dickey,  W.  A.,  Nat  Geog.  Mag.,  Vol.  VIH,  1897.  pp.  822-827. 

Eldridge,  G.  H.,  20th  Ann.  Rept,  U.  S.  Geol.  Survey,  Part  VII,  1900,  p.  8,  and  Map  No.  8. 

Muldrow,  R.,  Nat  Geog.  Mag.,  Vol.  XII,  1901,  pp.  812-818. 

Spurr,  J.  £.,  20th  Ann.  Rept,  U.  S.  Geol.  Survey,  Part  VII,  1900,  pp.  252-258,  and  Maps  6  and  12. 

Herron,  J.  S.,  War  Dept,  Adj.  Gen.  Office,  No.  XXXI,  1901,  pp.  80,  49,  and  map. 

Brooks,  A.  H.,  Science,  N.  S.,  VoL  XVI,  1902,  pp.  965-986;  Nat  Geog.  Mag.,  Vol.  XIV,  1908,  pp.  80-85; 
Smithsonian  Rept.  for  1908,  pp.  407-425;  Professional  Paper  45,  U.  S.  GeoL  Survey,  1906,  map,  PL  XI; 
Prof.  Paper  70,  U.  S.  Geol.  Survey,  1911,  pp.  125-128,  184-186. 

Dunn,  Robert,  The  Shameless  Diary  of  an  Explorer,  New  York,  1907,  two  maps. 

Parker,  H.  C,  Review  of  Reviews,  Vol.  XXXV,  1907,  pp.  49-58. 

Porter,  R.  W..  Reconnaissance  Map  of  the  Region  South  of  Mt  McKinley,  including  the  Yentna  Mining 
trict,  U.  S.  Geol.  Survey,  1910. 

Capps,  S.  R.,  Bull.  584,  U.  S.  Geol.  Survey,  1918.  pp.  86-45  and  PI.  II. 
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respectively,  maintain  good-sized  glaciers.  There  are,  however,  minor  glaciers  in 
the  mountains  proper,  including  the  several  small  ice  tongues  that  drain  to  Lake  Clark,^ 
and  doubtless  others;  and  there  may  be  many  more,  as  the  cirques  in  the  mountains 
east  of  Tliamna  Lake*  testify. 

A  Coast  Survey  chart  shows  a  large  tidal  glacier  in  Redoubt  Bay^  half  way  up  the 
west  side  of  Cook  Inlet,  but  no  description  of  it  has  been  printed.  West  of  Mt. 
Redoubt,  which  doubtless  has  other  glaciers,  there  are  five  glaciers  upon  Mt.  Biamna, 
several  of  which  were  seen  by  Dall  in  1895  ^  and  also  observed  by  the  junior  author  in 
1904.  These  include  one  a  mile  wide,  at  the  head  of  Tuxedni  or  Snug  Harbor,  which  was 
stagnant  and  moraine-covered  in  1904,  two  on  its  east  slopes,  one  a  double  glacier  with 
a  red  moraine,  the  other  with  trees  growing  upon  it,  another  near  Chinitna  Bay,  and  still 
another  whose  presence  was  known  by  its  milky  glacier  stream;  there  are  also  several 
^acierlets  on  the  St.  Aiigustine  volcano. 

Glaciers  oj  the  Alaska  Peninsula.  Several  glaciers  descend  from  the  east  slope  of 
Mt.  Douglas,  at  least  six  of  which  were  seen  by  Dall  and  Becker  in  1895.'  The  Coast 
Survey  chart  *  shows  some  of  the  glaciers  upon  the  slopes  of  Mt.  Douglas.  In  1904  the 
junior  author  observed  several  of  the  glaciers  in  this  part  of  the  Alaska  Peninsula.  There 
were  three  large  glaciers  on  the  north  slope  of  Mt.  Douglas,  11,000  feet,  the  easternmost  of 
which  then  ended  a  mile  from  sea  level  at  an  elevation  of  150  feet.  Six  other  large  gla- 
ciers were  seen  upon  the  east  and  southeast  slopes  of  Mt.  Douglas,  the  large  one  just  west 
of  Cape  Douglas  having  a  bulb  five  or  six  miles  wide  and  projecting  3  or  4  miles  from  the 
coast,  although  not  discharging  icebergs  in  1904  because  mantled  with  moraine  at  the 
terminus.  Southwest  of  Cape  Douglas  is  a  large  glacier  with  a  remarkably  sinuous  medial 
moraine.  The  large  glacier  of  Hello  Bay  was  seen  from  a  distance.  All  these  glaciers 
seemed  to  be  retreating  in  1904.  Pavlof  Mountain  has  a  large  glacier  seen  in  1908  by  At- 
wood,^  who  has  also  described  the  former  glaciation  of  the  adjacent  islands  and  mainland. 
On  Katmai  Pass,  across  the  Aleutian  Mountains  of  Alaska  Peninsula,  three  or  more 

small  glaciers  were  seen  by  Spurr  in  1900,*  the  larger  ones  being  on  the  northwest  side. 

South  of  Kialagvik  Bay  are  three  glaciers  shown  by  Davidson  ^  to  be  upon  a  map  made  by 

Vasilieflf   in  1831-1832  and  seen  by  Dall  in  1895  ^®  and  by  the  junior  author  from  the 

steamer  in  September,  1904. 
Glaciers  of  the  Aleutian  Islands.    A  few  of  the  snow-capped  volcanoes  of  the  Aleutians 

are  known  to  have  radiating  glaciers.     There  are  ice  tongues  upon  the  slopes  of  Mts. 

Shishaldin,  Round  Top,  and  Isanof  or  Isanotski  on  Unimak  Island,  showing  clearly  in 

the  photographs  published  by  Westdahl.^^   The  glacier  of  Mt.  Makushin  on  the  island  of 

'Osgood,  W.  H..  Nat.  Geog.  Mag.,  Vol.  XV,  1904,  pp.  326-^1. 

•Martin,  G.  C.  and  Katz,  F.  J.,  Bull.  486,  U.  S.  Geol.  Survey,  1912,  pp.  14-15,  82-94. 

•  Coast  and  Geod.  Survey,  Chart  8502,  1908. 

« Dall,  W.  H.,  Joum.  Amer.  Geog.  Soc.,  Vol.  XXVm,  1896,  p.  11. 

•  Dan,  W.  H.,  Joum.  Amer.  Geog.  Soc.,  Vol.  XXVIII,  1896,  pp.  8-9;  18th  Ann.  Kept,  U.  S.  Geol.  Survey, 
Ptet  ni.  1898,  PI.  XIV. 

•  V.  S.  Coast  and  Geod.  Survey,  Chart  8502, 1908. 

'Atwood,  W.  W.,  Bull.  467,  U.  S.  Geol.  Survey.  1911.  pp.  IS,  84-91. 
•Spurr,  J.  E..  20th  Ann.  Kept,  U.  S.  Geol.  Survey,  Part  VII.  1900.  pp.  254-255,  and  Map  11. 
•Davidaon,  George,  Trans,  and  Proc.  Geog.  Soc.,  Pacific,  Vol.  m,  1904.  pp.  12-lS,  and  Maps  I  and  II. 
»«D*I1,  W.  EL,  Joum-  Amer.  Geog.  Soc.,  Vol.  XXVm.  1896.  p.  17. 
"Westdahl,  F.,  Nat.  Geog.  Mag.,  Vol.  XIV,  1903,  pp.  91-99. 
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Unalaska  was  visited  by  Theodore  Blake  in  1867,^  under  the  direction  of  Davidson.* 
When  visited  by  Jagger  in  1907  it  showed  no  signs  of  retreat,  nor  did  the  glaciers  on  the 
island  of  Atka.'  In  1889  Russell  *  visited  Unalaska  and  concluded  that  there  had  been 
no  general  glaciation  of  the  Aleutian  Islands,  although  local  glaciers  had  existed. 

Central  Plateau  and  Bebing  Sea 

Yukon  and  Kuskokwim  Valleys.  The  lack  of  former  glaciation  in  the  Central  Plateau 
of  Alaska  was  established  by  Dall,*  Dawson,*  McConnell,^  Russell,^  Hayes,'  Spurr,** 
Tyrrell,^^  Brooks,"  and  others.  Detailed  topographic  maps  and  geological  investiga- 
tions have  failed  to  show  existing  glaciers  within  most  of  thid  great  area,  but  that  they 
were  formerly  present  east  of  the  Klondike  district  and  in  the  upper  Lewes,  Teslin,  Pelly 
and  Macmillan  Rivers  is  abundantly  proved.  In  the  region  between  the  Tanana  and 
Yukon  Rivers  the  prospectors  ** Annual  glaciers"  referred  to  by  Spurr,"  Barnard  ^^ 
and  Prindle  ^^  seem  to  be  only  long-lived  snowbanks  that  melt  before  the  summer  is  over. 
One  region  where  these  are  abundant  is  called  Glacier  Mountain.  Streams  in  the 
interior  of  Alaska  which  freeze  solid  and  then  overflow  and  freeze  again  are  also 
known  locally  as  '^glaciers."  The  photographs  from  the  Yukon-Tanana  region  show 
cirque-like  amphitheatres  at  the  heads  of  many  streams  and  it  seems  likely  that  local 
glaciers  formerly  existed.  This  part  of  the  Central  Plateau  rises  to  heights  of  8000  to 
6000  feet  but  has  an  annual  precipitation  of  only  12  inches. 

In  part  of  the  region  between  the  Yukon  and  Koyukuk  Rivers  Mendenhall  has 
shown  ^*  conclusively  that  there  has  been  no  glaciation  but  in  another  area  between 
these  rivers  Eakin  ^^  found  evidence  of  local  glaciation  in  1913. 

In  the  Kuskokwim  Mountains  which  rise  to  4500  feet  above  sea  level,  there  were  for- 
merly local  glaciers,  in  a  small  area  recently  described  by  Maddren,^*  who  finds  cirques, 
moraines,  and  other  conclusive  evidence. 

1  HouBe  Extra  Doc.  177»  40th  Congrefls,  2d  Session,  1868,  p.  823. 

>  Davidson,  George,  Trans,  and  Proc.  Geog.  Soc,  Pacific,  Vol.  in,  1904,  pp.  9-11;  Appalachia,  Vol.  IV,  1884. 

•  Journ.  Geol.,  Vol.  XVI,  1908,  p.  688. 

«  Bull.  Geol.  Soc.  Amer.,  Vol.  I,  1890,  pp.  1S&-180. 

•  Dall,  W.  H.,  Amer.  Joum.  Sci.,  Vol.  XLV,  1868,  p.  99. 

•  Dawson,  G.  M.,  Geol.  and  Nat  Hist.  Survey  Canada,  Ann.  Rept,  Vol  HI,  Part  1, 1889,  p.  154B. 
T  McConnell,  R.  G.,  Bull.  Geol.  Soc.  Amer.,  Vol.  1, 1890,  pp.  543-544. 

■  Russell,  I.  C,  Surface  Geology  of  Alaska,  Bull.  Geol.  Soc.  Amer.,  Vol.  1, 1890,  pp.  140-141. 

•  Hayes,  C.  W.,  Nat  Geog.  Mag.,  Vol.  IV,  1892,  pp.  155-159  and  Pis.  19  and  20. 
"  Spurr,  J.  E.,  18tli  Ann.  Rept.,  U.  S.  Geol.  Survey,  Part  HI,  1897,  p.  270. 

"  Tyrrell,  J.  B.,  Bull.  Geol.  Soc.  Amer.,  Vol.  X,  1899,  pp.  195-198. 

It  Brooks,  A.  H.,  20t]i  Ann.  Rept.,  U.  S.  Geol.  Survey,  Part  VH,  1900,  p.  474;  2l8t  Ann.  Rept,  U.  S.  Ged. 
Survey,  Part  H,  1901,  pp.  364-365;  Maps  and  Routes  of  Exploration  in  Alaska  in  1898,  Spedal  Publicatioiit 
U.  S.  Geol.  Survey,  1900,  pp.  69,  91. 

»  Spurr,  J.  £.,  18tli  Ann.  Rept.  U.  S.  Geol.  Survey,  Part  HI,  1898,  pp.  320-323. 

>«  Barnard,  E.  C,  Maps  and  Descriptions  of  Routes  of  Exploration  in  Alaska  in  1898,  Special  Publicatioiv 
U.  S.  Geol.  Survey,  1899,  p.  79. 

"  Prindle,  L.  M.,  Bull.  375,  U.  S.  Geol.  Survey,  1909,  p.  12. 

1*  Mendenhall,  W.  C,  Professional  Paper  10,  U.  S.  Geol.  Survey,  1902,  pp.  45-46. 

n  E^kin,  H.  M.,  personal  communication. 

i>  Maddren,  A.  G.,  The  Innoko  Gold-Placer  District,  Alaska,  Bull.  410,  U.  S.  Geol.  Survey,  1910,  pp.  19-15, 
58-60. 
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The  AhJdun  Mountains.  The  Ahklun  or  Oklune  Mountains,  a  small  group  north  of 
the  Alaska  x>eninsula  near  Bristol  Bay  are  reported  by  Spurr  ^  to  still  retain  gladerlets, 
the  one  in  cirque  on  Mt.  Oratia  being  specifically  mentioned.  The  mountains  had 
previously  been  more  fully  occupied  by  local  glaciers. 

Idands  qf  Bering  Sea.  In  the  shallow  Bering  Sea  none  of  the  islands,  St.  Lawrence, 
Nonivak,  Hall,  St.  Matthew,  and  the  Pribilof  Islands,  all  of  which  are  low  and  in  a  region 
of  low  precipitation,  contain  glaciers,  and  none  seem  to  have  ever  been  glaciated.* 

Thb  Rockt  Mountains 

Glaciers  qf  the  EndicoU  Mountains.  The  Rocky  Mountains  of  northern  Alaska, 
which  reach  an  elevation  of  5000  to  7000  feet  in  a  latitude  north  of  the  Arctic 
circle,  have  an  annual  precipitation  of  only  6  to  12  inches  and,  therefore,  maintain 
only  small  glaciers.  One  stagnant,  dying  glacier  can  be  definitely  referred  to,  an 
isolated  d£bris-covered  block  observed  in  1901  by  Schrader  and  Peters  *  in  the  middle 
of  the  John  River  valley  near  the  divide  in  latitude  68^  north.  It  was  then  a 
detached  circular  mass  300  feet  in  diameter  and  60  feet  high.  Schrader  *  speaks  of 
other  small  glaciers  seen  by  prospectors  in  the  eastern  part  of  the  Endicott  Moun- 
tains. Mendenhall  reports  the  western  Endicott  Mountains  as  formerly  glaciated,* 
And  Maddren  has  described  the  present  ice  tongues  and  the  former  glaciation  of  the 
eastern  Endicott  Mountams,  both  in  the  part  near  the  Hodzana  Highland  and  Chand- 
alar  River*  and  in  the  region  along  the  141st  meridian^  between  Porcupine  River  and 
the  Arctic  Ocean. 

Baird  Mountains.  The  Baird  Mountains,  which  form  the  western  extension  of  the 
Endicott  Mountains,  contain  small  glaciers,  for  they  are  from  2000  to  SOOO  feet  high, 
higher  than  the  mountains  of  Seward  Peninsula,  farther  south,  which  still  have  small 
ice  remnants.  Smith  *  has  described  several  of  thesmall  ice  tongues  and  discussed  the 
fonner  glaciation.  It  seems  quite  certain  that  Baird  Mountains  were  formerly  exten- 
nvely  glaciated,  for  these  mountain  valleys  must  have  fed  the  great  valley  glacier  which 
extended  down  Kobuk  River  to  the  Bering  Sea.* 

Glaciers  qf  the  Seward  Peninsula.  Small  glaciers  are  known  to  exist  in  the  mountains 
of  Seward  Peninsula,  which  are  1800  to  2500  feet  high,  and  receive  20  to  25  inches  of  pre- 
cipitation yearly.    The  region  is  proved  to  have  formerly  had  much  more  extensive 

'  Spurr.  J.  £.»  20Ui  Ann.  Rept,  U.  S.  Geol.  Survey*  Part  VII.  1900,  pp.  25S-254  and  Map  No.  10. 
iDall,  W.  H.,  Alaska  and  its  Resources,  Boston,  1870,  p.  462. 

Muir,  John,  Report  of  the  Cruise  of  the  U.  S.  Revenue  Steamer  Corwin  in  the  Arctic,  1881,  pp.  18S-145. 
Dawson,  G.  M.,  Geological  Notes  on  Some  of  the  Coasts  and  Islands  of  Bering  Sea  and  ^^dnity;  BuU.  Geol. 
Soc.  Amcr.,  Vol.  V,  18M,  pp.  117-146. 
Stanley-Brown,  J.,  Geology  of  the  Pribilof  Islands:  BuU.  Geol.  Soc.  Amer.,  Vol.  Ill,  1892,  pp.  496-500. 
Nordenakiold,  A.  £.,  The  Voyage  of  the  Vega,  New  York,  1882,  pp.  58S-685,  569. 
Gilbert,  G.  K^  Glaciers  and  Glaciation:  Harriman  Alaska  Expedition,  Vol.  Ill,  1904,  pp.  186-194. 
•Schrader,  F.  C.  and  Peters,  W.  J.,  Professional  Paper  20,  U.  S.  Geol.  Survey,  1904,  pp.  84-91. 
«Same,  pp.  SO  and  91. 

•Mendenhall  W.  C,  Professional  Paper  10,  U.  S.  Geol.  Surv^,  1902,  pp.  45-48. 
•Maddren,  A.  G.,  BuU.  582,  U.  S.  Geol.  Survey,  1913,  pp.  60-67. 
^Ibid^  personal  communication. 

•Smith,  P.  S.,  BuU  Geol.  Soc.  Amer.  Vol.,  23,  1912,  pp.  563-570. 
•Henhqr,  O.  H.,  Joum.  Geol.,  Vol.  XVII,  1909,  pp.  83-01. 
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valley  glaciers,  as  is  testified  by  cirques,  hanging  valleys,  transported  bowlders,  etc.» 
in  the  Kigluaik,  Bendeleben,  York,  Cape,  and  Ear  Mountains.  This  is  chiefly  the  result 
of  studies  by  Brooks,^  Collier,  Smith,  Eakin  and  Moffit. 

The  Glaciation  of  Alaska 

The  phenomena  of  former  glaciation  in  Alaska  have  been  treated  incidentally  in  the 
preceding  pages  dealing  with  existing  glaciers,  and  more  fully  in  some  of  the  reports 
there  cited.  Several  reports,  referred  to  below,  have  dealt  especially  with  the  general 
phenomena  of  Alaskan  glaciation. 

After  Russell's  visit  to  Alaska  in  1889  he  wrote  his  Notes  on  the  Surface  Geology 
of  Alaska,'  pointing  out  that  northwestern  North  America  had  not  been  buried  be- 
neath a  continental  glacier  when  northeastern  North  America  was  ice-covered,  but 
that  in  the  appropriate  part  of  Alaska  ^'the  ice  age  still  lingers."  At  about  the  same 
time  Dawson  was  writing  his  suggestive  papers*  on  the  glaciation  of  Yukon  Territory 
and  British  Columbia  in  which  he  deals  incidentally  with  parts  of  the  Alaskan  border, 
particularly  from  Mt.  St.  Elias  to  Dixon  Entrance,  and  shows  the  extent  of  glaciation 
there. 

After  Gilbert's  summer  in  Alaska  with  the  Harriman  Expedition  in  1899,  he  published 
his  wonderfully  comprehensive  descriptions  of  the  existing  glaciers  observed,  and  then 
wrote  on  the  Pleistocene  glaciation,  dealing  especially  with  the  physiographic  forms  pro- 
duced by  glaciation  in  the  coastal  region.^ 

In  Brooks's  Geography  and  Geology  of  Alaska  ^  there  is  an  excellent  sununary  of  the 
knowledge  as  to  the  glaciation  of  Alaska,  accompanied  by  a  map  which  showed  the  exist- 
ing glaciers  and  snowfields,  the  glaciated  areas,  the  n6v6  fields  and  areas  in  part  above 
ice  sheets  during  maximiun  glaciation,  the  directions  of  ice  movement,  and  the  areas  of 
post-glacial  silts,  sands,  and  gravels.    Other  writers  have  discussed  glaciation,*  and  Hayes, 

>  Brooks,  A.  H.,  A  Reoonnaissance  of  the  Cape  Nome  and  Adjacent  Gold  Fields  of  Seward  Peninwila,  Aladca 
House  Doc.  547,  56th  Congress,  2d  Session,  Washington,  1901,  pp.  48-47. 

Brooks,  A.  H.  and  Collier,  A.  J.,  Science,  N.  S.,  Vol  XUI,  1901,  pp.  188-189. 

Collier,  A.  J.,  Professional  Paper  2,  U.  S.  Geol.  Surv^,  1902,  pp.  28-29;  Bull.  828,  U.  S.  GeoL  Sunr^,  1906^ 
pp.  94-99. 

Smith,  P.  S.,  Bull.  483,  U.  S.  Geol.  Survey.  1910,  pp.  48,  185-187. 

Smith,  P.  S.  and  Eakin,  H.  M.,  Bull.  449,  U.  S.  Geol.  Survey,  1911,  pp.  88-86,  99. 

Moffit,  F.  H.,  Bull.  538,  U.  S.  Geol.  Survey.  1918,  pp.  14,  87,  61-63. 

*  Russell,  I.  C,  Bull.  Geol.  Soc.  Amer.,  Vol.  1, 1890,  pp.  99-154. 

s  Dawson,  G.  M.,  Recent  Observations  on  the  Glaciation  of  British  Columlna  and  Adjacent  Regions;  Geog. 
Mag..  Sd  Decade,  Vol.  V,  1888,  pp.  847-350;  Amer.  Geol.,  Vol.  m,  1889,  pp.  24&-253;  GeoL  Nat.  ISst  Surv^ 
Canada.  Vol.  III.  PI.  1,  1889,  pp.  38B-43B;  On  the  Later  Physiographical  Geology  of  the  Rocky  Mountain 
Region  in  Canada  with  Special  Reference  to  Changes  in  Elevation  and  the  History  of  the  Glacial  Period* 
Trans.  Roy.  Soc.  Canada,  Vol.  VIII,  sect  IV,  1890,  pp.  25-74  and  PI.  II,  No.  4;  Amer.  GeoL.  VoL  VI. 
1890,  pp.  153-162. 

<  Gilbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  Ill,  Glaciers,  1904,  pp.  113-194;  Nat.  Geog.  Mag..  VoL 
XV.  1904,  pp.  449-450.  

i  Brooks,  A.  H..  Professional  Paper  45,  U.  S.  Geol.  Survey,  1906,  pp.  245-249,  and  Pis.  XH  and  XXII. 

•  Dall,  W.  H.,  Alaska  and  Its  Resources,  Boston,  1870,  pp.  461-464. 

Wright,  G.  F.,  Notes  on  the  Gkdation  of  the  Pacific  Coast,  Amer.  Naturalist,  VoL  XXI.  1887.  i^. 
250-256.  

Tarr.  R.  S.,  The  Glaciers  and  Glaciation  of  Alaska.  Science.  N.  S.,  Vol.  XXXV,  1912,  pp.  241-8^8; 
Annals  Assoc.  Amer.  Geog..  Vol.  U,  1912,  pp.  3-24. 


GLACIERS  OF  ALASKA  21 

Spurr,  and  Brooks  had  partly  shown  its  limits,^  before  the  publication  of  Brooks's  more 
complete  1906  map. 

From  this  map  it  may  be  seen  that  the  Pacific  Mountains  not  ouly  contain  more  and 
la^er  glaciers  than  the  Arctic  Rocky  Mountains  at  present,  but  that  the  same  was  true 
at  the  stage  of  maximum  glaciation.  Li  the  Yukon  and  Kuskokwim  valleys  and  on  the 
Arctic  slope  the  glaciers  may  have  extended  short  distances  farther  than  the  limits  shown, 
for  the  till  might  be  buried  beneath  outwash  and  recent  alluvium,  but  the  extension 
would  be  slight.  On  the  Pacific  Coast  little  is  known  of  the  seaward  limits  of  the  ex- 
tended glaciers. 

Extent  and  LdPORTANCB  of  Alaskan  Glaciers 

The  preceding  brief  outline  of  our  knowledge  of  the  present-day  glaciers  of  Alaska 
and  of  the  former  extent  of  glaciers  in  that  territory  is  probably  not  complete,  but  it 
suffices  to  show  two  facts  with  striking  clearness, — ^first  that  there  is  an  enormous  num- 
ber of  glaciers  in  a  very  large  area,  and  secondly  that  much  remains  to  be  done  on  the 
study  of  Alaskan  glaciers  and  glaciation  before  w  e  can  claim  to  have  more  than  the  merest 
reconnaissance  knowledge  of  the  phenomena  of  this  great  field.  When  we  consider  the 
remoteness  of  the  region,  the  inaccessibility  of  many  parts  of  it,  and  the  brief  time  in 
wfaidi  systematic  exploration  has  been  in  progress,  the  results  already  obtained  in  the 
study  of  the  Alaskan  glaciers  and  glacial  phenomena  are  noteworthy,  especially  as  the 
facial  study  has  often  been  but  a  minor  incident  in  other  work.  To  the  United  States 
Geological  Survey,  and  especially  to  the  Alaskan  division,  under  the  direction  of  Alfred  H. 
Brooks,  the  major  credit  for  these  results  is  due. 

From  our  outline  of  the  present  knowledge  of  Alaskan  glaciers  it  is  evident  that  it  would 
be  possible  to  give,  even  now,  a  much  greater  body  of  space  to  the  subject,  for  in  the 
reports  to  which  reference  has  been  made  there  are  many  important  details  and  descrip- 
tions of  individual  glaciers.    This  has  not  been  done,  however,  because  even  with  the 
fullest  abstracts  of  all  reports,  the  discussion  of  Alaskan  glaciers  and  glaciation  would 
necessarily  be  most  incomplete,  with  great  and  important  gaps.     It  is  our  hope,  in  time, 
after  some  years  of  systematic  work  in  the  various  glacier  fields,  to  return  to  this  subject 
and  to  present  an  outline  description  and  discussion  of  living  glaciers  and  glacial  phenom- 
ena of  Alaska,  on  the  basis  of  wider  observation.    For  scores  of  years,  however,  it  is  not 
to  be  expected  that  a  complete  account  of  the  region  will  be  possible.    At  present  we  do 
not  know  even  the  approximate  niunber  of  Alaskan  glaciers.    There  are  several  hundred 
to  which  names  have  been  given;  there  are  dozens  which  are  tidal  and  other  dozens  which 
leach  almost  to  the  sea;  scores  reach  beyond  the  mountain  base  and  expand  in  piedmont 
bulbs;  and  scores  and  probably  himdreds  of  glaciers  have  a  length  of  from  ten  to  fifty 
miles  or  more.     In  all,  there  are  some  thousands  of  glaciers  in  the  Alaskan  mountains 
only  a  small  percentage  of  which  have  received  names,  and  many  of  which  have  never 
even  been  seen. 

The  Alaskan  region  is  one  of  the  most  wonderful  regions  of  glaciation  in  the  world,  both 
from  the  standpoint  of  number  and  size  of  its  glaciers,  and  from  the  extent  and  variety  of 

»Haye^  C.  W.,  Nat.  Geog.  Mag.,  Vol.  IV,  1892,  Pis.  XIX  and  XX. 
Spurr,  J.  E..  IStli  Ann.  Kept.,  U.  S.  Geol.  Survey,  Part  III,  1897,  PI.  XXXVII. 

Biooka,  A.  H..  20th  Ann.  Rept.,  U.  S.  Geol.  Survey,  Part  m,  1900,  Map  25;  2l8t  Ann.  Kept.,  U.  S.  Geol. 
Swvey,  Part  II,  1901,  PL  XLVH. 
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associated  phenomena;  and  a  thorough  study  of  any  of  its  facts  is  certain  to  yield  impor- 
tant scientific  results.  The  phenomena  of  advance  and  recession  of  the  glacier  termini, 
the  former  extent  of  the  glaciers  and  their  deposits^  and  the  stupendous  work  which  they 
have  accomplished  in  sculpturing  the  wonderful  series  of  fiords  are  among  the  phenomena 
demanding  attention.  The  features  exhibited  have  far  more  than  local  importance 
and  application,  for  the  fact  that  we  have  here  large  glaciers  descending  to  sea  level  in 
a  comparatively-warm,  humid,  north  temperate  climate  gives  rise  to  phenomena  resem- 
bling those  of  the  wasting  margin  of  the  great  continental  ice  sheets  of  North  America 
and  Europe,  and,  therefore,  throw  light  upon  and  furnish  aid  in  interpreting  these 
phenomena. 


CHAPTER  n 
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General  View  of  the  Yakittat  Bay  Glaciebs 

Glacial  Studies  in  Yahdat  Bay.  Among  the  many  glaciers  of  Alaska  those  of  a  few 
areas  have  been  singled  out  for  more  continuous  and  thorough  study  than  others,  either 
because  of  their  accessibility  or  because  they  possess  features  of  unusual  interest.  Of 
these  areas  three  have  attracted  the  greatest  attention:  (1)  the  glaciers  of  Glacier  Bay 
and  vicinity,  (2)  the  glaciers  of  Yakutat  Bay  and  vicinity,  including  the  Malaspina  Gla- 
der;  and  (3)  the  glaciers  of  the  Prince  William  Sound  region*  including  those  of  lower 
Copper  River.  The  National  Geographic  Society's  Alaskan  Expeditions  of  1909  and 
1910  studied  the  glaciers  of  the  last  two  regions  and  this  report  deals  mainly  with  the 
results  of  these  studies,  commencing,  in  this  chapter,  with  the  glaciers  of  Yakutat  Bay 
and  vicinity. 

The  results  of  the  work  in  1909-10,  in  so  far  as  the  Yakutat  Bay  region  is  concerned, 
aie  so  intimately  related  to,  and  in  large  part  dependent  upon  the  results  of  previous 
studies  that  it  will  be  necessary  to  briefly  incorporate  in  this  book  the  more  significant 
points  determined  by  the  earlier  studies,  making  this,  therefore,  a  sunmiary  of  several 
seasons*  work. 

The  investigations  of  the  glaciers  of  the  Yakutat  Bay  region  began  in  1890,  with  Pro- 
fessor Russell's  famous  exploration  of  the  Malaspina  and  i^djacent  glaciers  in  his  first 
expedition^  to  Mt.  St.  Elias,'  and  was  continued  in  1891  in  his  second  expedition  to  St. 
Bias.*  Both  before  and  after  Russell's  expeditions  there  were  other  explorations  in  this 
region,  notably  those  of  Schwatka,  Topham,  Bryant,  and  the  Duke  of  the  Abruzzi,  but 
none  that  contributed  much  that  bears  directly  upon  the  problems  considered  in  this 
report,*  until  the  Harriman  Expedition  in  1899.*  The  next  visit  of  a  scientific  party  hav- 
ing glacial  study  for  its  object  was  the  United  States  Geological  Survey  Expedition  of 
1905  in  charge  of  the  senior  author  and  to  which  the  junior  author  was  attached  as  special 
physiographic  assistant.*   The  glaciers  and  glacial  phenomena  observed  during  this  expe- 

>  Under  the  auspices  of  the  National  Geographic  Society  and  the  U.  S.  Geological  Survey. 

^RuaseU,  I.  C.  An  Expedition  to  Mt.  St.  Elias,  Alaska;  Nat.  Geog.  Mag.,  Vol.  Ill,  1891,  pp.  5S-203. 

*Ru»eIl,  I.  C,  Second  Expedition  to  Mt.  St.  Elias;  Thirteenth  Ann.  Rept.,  U.  S.  Geol.  Survey,  pt.  2,  1892, 
pp.  1-91;  Amer.  Joum.  Sd.,  Vol.  XLm,  1892,  pp.  169-182;  Joum.  Geol.,  Vol.  I,  1893.  pp.  219-245. 

♦For  bibliography  of  the  Yakutat  Bay  region  see  I.  C.  Russell,  Nat.  Geog.  Mag.,  Vol.  HI,  1891,  pp.  58-74, 
M  R.  S.  Tarr,  Professional  Paper  64,  U.  S.  Geol.  Survey,  1909,  pp.  20-25. 

'GObert,  G.  K.,  Glaciers  and  Gladation:  Harriman  Alaska  Expedition,  Vol.  HI,  1904,  231  pages;  particu- 
Ittiypp.  45-70,  104, 170,  and  209. 

'A  grant  of  money  for  this  purpose  was  made  by  the  American  Geographical  Society  of  New  York. 
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dition  are  described  in  several  publications.^  In  the  reports  of  the  work  up  to  and 
including  1905  the  glaciers  of  the  Yakutat  Bay  region  are  fully  described,  and  their 
more  significant  features  interpreted.  With  a  single  exception,  that  of  Galiano  Glacier, 
the  glaciers  were  found  to  be  wasting,  and  recession  was  the  rule  between  1890  and  1905, 
as  Russell's  observations  clearly  show  had  been  the  general  condition  for  years  before 
his  first  visit  of  1890. 

Apparently  having  no  bearing  on  the  problems  of  the  glaciers  and  glaciation,  but  in 
reality  of  the  greatest  significance,  were  the  observations  of  1905  upon  the  effects  of  the 
great  earthquakes  which  disturbed  the  Yakutat  Bay  region  in  September,  1899.*  For 
on  returning  to  Yakutat  Bay  in  1906,  the  senior  author,  in  charge  of  a  second  United 
States  Geological  Survey  expedition,  found  that  several  of  the  hitherto-wasting  glaciers 
had  begun  a  sudden  activity  in  response  to  an  impulse  derived  from  the  down-shaking 
of  great  masses  of  snow  in  the  glacier  reservoirs  during  the  earthquakes  of  1899.' 

The  National  Geographic  Society's  Alaskan  Expeditions  of  1909-10  went  first  to 
Yakutat  Bay  in  order  to  determine  what  further  changes  had  taken  place  in  the  interval 
since  1906.  Since  these  later  observations  *  fill  out  and  verify  those  of  the  two  pre- 
vious expeditions,  making,  as  it  were,  a  complete  story,  it  seems  fitting  to  take  up  the 
Yakutat  Bay  region  as  a  whole,  describing  and  interpreting  its  glaciers  and  glacial  phe- 
nomena in  the  light  of  all  the  studies  from  those  of  Russell  in  1890  down  to  and  includ- 
ing those  of  the  season  of  1913,  when  the  junior  author  visited  Yakutat  Bay  in  diarge 
of  an  excursion  of  the  International  Geological  G>ngress. 

Location  and  General  Physiographic  Features,^  Yakutat  Bay  is  an  indentation  in  the 
otherwise  almost  imbroken  coast  line  that  stretches  between  Cross  Sound  and  Controller 
Bay,  its  mouth  being  near  latitude  59^  40'  north  and  longitude  140^  west.  It  is  about 
40  miles  southeast  of  Mt.  St.  Elias,  and  very  near  the  point  where  the  boundary  line 

1  Tarr,  R.  S.  and  Martin,  Lawrence,  Observations  on  Glaciers  and  Glaciation  of  Yakutat  Bay,  Alaska:  BulL 
Amer.  Geog.  Soc.,  Vol.  XXXVm,  1906,  pp.  09-101;  Glaciers  and  Glaciation  of  Yakutat  Bay,  Alaska. 
Bull.  Amer.  Geog.  Soc.,  Vol.  XXXVIH,  1906,  pp.  145-167;  Pomtion  of  Hubbaid  Glacier  Front  in  1798  and 
1794;  Bull.  Amer.  Geog.  Soc.,  Vol.  XXXDC,  1907,  pp.  129-186. 

Tarr,  R.  S.,  Glacial  Erosion  in  Alaska:    Pop.  Sci.  Monthly,  Vol.  LXX.  1907,  pp.  99-119. 

*  Tarr,  R.  S.  and  Martin,  Lawrence:  Recent  Change  of  Level  in  Alaska:  Science,  Vol.  XXII,  1905,  i^.  879- 
880;  Recent  Changes  of  Level  in  the  Yakutat  Bay  Region,  Alaska:  Bull.  Geol.  Soc.  Amer.,  Vol.  XVll*  1906* 
pp.  29-64;  Recent  Change  of  Level  in  Alaska;  Geog.  Joum.,  Vol.  XXVm,  1906,  pp.  30-48;  The  Yakutat  Bay 
Earthquakes  of  September,  1899,  Professional  Paper  69,  U.  S.  Geol.  Survey,  1912,  pp.  11-80. 

Martin,  Lawrence,  The  Alaskan  Earthquakes  of  1899,  Bull.  Geol.  Soc.  Amer.,  Vol.  XXI,  1910,  pp.  839-407. 

*  Tarr,  R.  S.,  The  advancing  Malaspina  Glacier:  Science,  Vol.  XXV,  1907,  pp.  34-87;  Second  Expedition  to 
Yakutat  Bay,  Alaska;  Bull.  Geog.  Soc.  Phila.,  Vol.  V,  1907,  pp.  1-14;  The  Malaspina  Glacier:  Bull.  Amer. 
Geog.  Soc.,  Vol.  XXXDC  1907,  pp.  278-285;  Recent  Advance  of  Glaciers  in  the  Yakutat  Bay  Region,  Alaska: 
Bull.  Geol.  Soc.  Amer.,  Vol.  18,  1907,  pp.  257-286.  Also  incorporated  in  the  final  report  for  the  two  ezpedi^ 
tions  of  1905  and  1906  in  the  section  on  Physiography  and  Glacial  Geology  of  the  Yakutat  Bay  Region,  Alaska, 
Professional  Paper  64,  U.  S.  Geol.  Survey,  1909,  pp.  1-144. 

« Tarr,  R.  S.  and  Martin,  Lawrence,  The  National  Geographic  Society's  Alaskan  Expedition  of  1909, 
Nat.  Geog.  Mag.,  Vol.  XXI,  1910,  pp.  1-54. 

Martin,  Lawrence,  The  National  Geographic  Society  Researches  in  Alaska,  Nat.  Geog.  Mag.,  Vol.  XXII, 
1911,  pp.  537-561;  The  Hubbard  Glacier,  Pop.  Sd.  Monthly,  Vol.  76,  1910,  pp.  298-305;  Gletschenmter- 
suchungen  Iftngs  der  KUste  von  Alaska,  Petermanns  Geog.  Mitteilungen,  Jahrgang  1912,  pp.  78-79; 
Guide  Book  No.  10,  Excursion  C  8,  International  Geological  Congress,  Ottawa,  1913,  pp.  134-162. 

*  For  a  more  complete  discussion  of  the  physiography  of  the  Yakutat  Bay  region  see  Tarr,  R.  S.»  Phyao- 
graphy  and  Glacial  Geology,  Professional  Paper  64,  U.  S.  Geol.  Survey,  1909.  For  areal  geology,  see  Tair* 
R.  S.  and  Butler,  B.  S.,  ibid,  pp.  145-164. 
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between  Canada  and  Alaska  turns  northward.  The  bay  pierces  first  a  low  foreland  occu- 
pied by  the  ice  plateau  of  Malaspina  Glacier  on  the  west  side,  but  on  the  southeast  side 
composed  of  moraines  and  glacial  gravels  deposited  during  a  former  expansion  of  the 
Yakutat  Bay  and  Russell  Fiord  glaciers.  It  then  cuts  across  the  low  front  range  of 
mountains  to  the  base  of  the  lofty,  snow-covered  peaks  of  the  St.  Elias  Range.  It  turns 
twice  at  high  angles,  and  parallels  itself  back  to  the  foreland,  the  distance  from  the  mouth 
of  the  bay  to  its  head  being  fully  75  miles. 

The  name  Yakutat  Bay  is  now  applied  only  to  the  outer  part  of  the  inlet  (PL  I,  A), 
mainly  outside  the  mountain  front,  and  throughout  most  of  its  extent  bordered  by  a  low 
coast,  the  wooded  foreland  on  the  southeast,  the  gravel  fans  and  sandy  beaches  with 
strips  of  forest  on  the  west,  and  behind  these  the  moraine-covered  ice  bank  which  forms 
the  outer  border  of  Malaspina  Glacier.  This  bay,  which  is  20  miles  wide  at  the  mouth, 
narrows  progressively  toward  the  head  and,  about  half  way  between  the  mouth  and 
head*  the  mountains  approach  to  form  the  southeastern  shore.  At  the  head  of  the 
outer  bay  the  mountains  also  converge  from  the  west,  and  here  the  bay  narrows  to  3  miles. 
From  this  point,  where  the  mountains  form  both  shores  of  the  inlet,  on  to  the  first  bend 
the  name  Disenchantment  Bay  is  applied.  It  is  walled  in  by  mountains  rising  abruptly 
from  the  sea  to  elevations  of  2000  or  3000  feet  and  is  a  true  fiord,  with  roughly  parallel 
waUs  and  a  width  of  from  2}  to  4  miles.  The  name  of  the  bay  again  changes  where  it 
bends  abruptly  at  an  acute  angle,  from  here  on  to  the  head  of  the  inlet  being  called 
Russell  Fiord.  Excepting  at  its  very  head  this  portion  of  the  inlet  is  also  a  mountain- 
walled  fiord  with  a  width  of  from  1  to  3  miles.  Where  the  northwestern  arm  of  Russell 
Fiord  bends  slightly,  at  Cape  Enchantment,  the  fiord  bifurcates,  one  arm  extending 
southward  as  the  southeast  arm  of  Russell  Fiord,  the  other  extending  eastward  as 
Nunatak  Fiord. 

With  the  exception  of  the  irregular  coast  line  of  the  foreland  on  the  southeast  shore  of 
outer  Yakutat  Bay,  and  of  the  head  of  Russell  Fiord,  also  in  the  foreland,  the  inlet, 
throughout  almost  its  entire  extent,  has  a  generally  strai^t  coast  line.  There  are  a  few 
small  projecting  points  and  a  few  small  bays,  but,  although  there  are  many  valleys 
tributary  to  the  inlet,  the  mouths  of  most  of  them  are  above  the  level  of  the  fiord  waters 
80  that  there  are  few  bays.  There  are  only  two  notable  exceptions  to  this  statement, 
Nunatak  Fiord,  at  the  head  of  which  stands  the  ice  cliflF  of  Nunatak  Glacier,  and  Seal 
Bay  in  the  valley  of  which  lies  Hidden  Glacier  whose  glacial  streams  have  deposited 
an  extensive  outwash  gravel  plain,  thereby  greatly  shortening  this  indentation.  Were 
Hubbard  Glacier  to  recede  notably,  there  would  doubtless  be  still  other  irregularities 
in  the  bay  at  the  bend  where  Disenchantment  Bay  and  Russell  Fiord  unite.  The  in- 
terpretation of  these  features,  which  are  due  to  the  erosive  work  of  formerly  expanded 
glaciers,  may  for  the  present  be  postponed. 

The  straight  coast  line  which  Yakutat  Bay  indents  is  a  coastal  plain  built  by  glacial 
deposit,  and  mainly  by  glacial  stream  deposit,  but  worked  over,  in  its  outer  portion  at 
least,  by  the  ocean  waves  which  are  ever  beating  upon  its  margin  exposed  to  the  open 
Pacific*  To  the  southeast  of  Yakutat  Bay  this  coastal  plain  is  still  in  process  of  active 
outbuilding,  for  numerous  large  glaciers  descend  from  the  mountains  and  spread  out 
upon  it  at  the  mountain  base,  with  huge  glacial  streams  issuing  from  their  fronts  and 
flowing  in  braided  courses  across  it;  but  these  glaciers  are  evidently  shrunken,  and  the 

>BkdnreIder,  £.,  Amer.  Joum.  Sci.,  Vol.  XXVII,  1009,  pp.  459-466. 
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building  of  the  plain  is  less  active  than  formerly.  To  the  northwest  of  Yakutat  Bay  the 
coastal  plain  is  a  mere  fringe  around  the  margin  of  the  Malaspina  Glacier  and  in  two 
places  is  entirely  absent,  where  the  sea  comes  in  contact  with  the  glacier  at  Sitkagi  Bluffs 
and  Icy  Bay.    What  the  condition  is  beneath  the  Malaspina  ice  plateau  is  unknown. 

In  the  immediate  vicinity  of  Yakutat  Bay  the  glaciers  are  greatly  shrunken,  and» 
excepting  on  the  periphery  of  the  Malaspina  Glacier  the  construction  of  the  foreland  is 
progressing  very  slowly.  Yet  this  is  the  broadest  part  of  the  coastal  plain,  testifying 
to  the  former  great  activity  of  deposit  by  glaciers  and  glacial  streams.  That  the  Yaku- 
tat Bay  inlet  exists  in  spite  of  the  former  activity  of  deposit  is  doubtless  the  result  of  the 
energetic  erosion  by  the  formerly  expanded  glaciers;  and  in  the  foreland  area  itself  the 
existence  of  the  bay  is  probably  due  to  the  occupation  of  the  area  by  an  expanded  ice 
bulb  which  prohibited  deposit  there  while  it  remained,  and  whose  recession  was  so  rapid 
that  deposits  failed  to  fill  the  depression.  That  deposit  was  in  progress  on  the  outer  or 
ocean  margin  of  the  expanded  bulb  that  filled  Yakutat  Bay  is  proved  by  the  presence  of  a 
crescentic  shoal  completely  across  the  mouth  of  the  bay,  on  portions  of  which  the  ocean 
waves  break  in  times  of  storm.  Terminating,  as  it  did,  in  the  open  ocean,  the  expanded 
Yakutat  Bay  Glacier  was  unable  to  deposit  as  rapidly  here  as  in  the  case  of  glaciers  ending 
on  the  foreland,  for  much  of  its  supply  of  debris  was  borne  off  into  the  open  ocean  in  ice- 
bergs and  spread  over  a  broader  area  than  that  reached  by  streams  charged  with  glacial 
debris. 

On  the  inner  margin  of  the  coastal  plain  the  mountains  rise  abruptly.  To  the  south- 
east of  Yakutat  Bay  the  Fairweather  Range  rises  in  magnificent  proportions,  almost 
from  sea  level,  to  elevations  of  from  10,000  to  15,000  feet  or  more,  broken  only  by  the 
glacier-skirt  Alsek  valley  and  by  a  series  of  broad  glacier-filled  troughs.  With  snowline 
descending  to  within  3000  or  4000  feet  of  sea  level,  with  glaciers  in  all  the  valleys,  and 
with  its  lofty  peaks  of  varied  form  and  elevation,  this  is  one  of  the  grandest  mountain 
panoramas  in  the  world  with  the  whole  mountain  range,  from  crest  to  base,  almost  at 
sea  level,  exposed  to  view  as  one  sails  along  the  coast  for  a  full  day  (see  frontispick^). 
This  panorama  is  perhaps  not  even  rivalled  by  the  St.  Elias  Range  itself,  which,  though 
higher,  lies  farther  away,  with  Malaspina  Glacier  between  it  and  the  sea.  Between  Mt. 
St.  Elias  and  the  Fairweather  Range  proper  the  lofty  mountains  of  the  continuous  chain 
lie  farther  back  from  the  coast  and  are  separated  from  it  by  lower  mountains  and  by  the 
fringe  of  coastal  plain  already  described.  These  foothills  rise  to  no  great  height,  rarely 
reaching  elevations  above  5000  feet;  but  their  crests  are  snow-capped,  while  glaciers 
lie  in  most  of  the  valleys;  and  through  the  larger  ones  descend  great  glaciers,  fed  among 
the  higher  mountains  of  the  St.  Elias  Range  farther  inland.  Both  arms  of  the  Yakutat 
Bay  inlet  pierce  the  foothills,  making  a  complete  cross  section  through  them,  and  extend- 
ing to  the  base  of  the  crystalline  moimtains  of  the  St.  Elias  Range.  Here  the  mountains 
rise  rapidly  in  elevation,  reaching  heights  of  from  10,000  to  16,000  feet  within  a  few  miles 
of  the  shore.  From  the  shores  of  this  bay  the  full  grandeur  of  the  St.  Elias  Range  is 
seen  perhaps  at  its  best,  and  certainly  from  a  central  vantage  point.  Mt.  Fairweather 
(15,330  feet)  is  visible  to  the  southeast,  the  striking  pyramid  of  St.  Elias  (18,024  feet)  to 
the  northwest,  Mt.  Logan  (19,500  feet)  to  the  north,  Mt.  Hubbard  (16,400  feet)  to  the 
northeast,  Mt.  Vancouver  (15,617  feet),  Mt.  Cook,  (14,700  feet),  Mt.  Seattle  (10,000 
feet)  and  a  multitude  of  other  great  peaks,  many  of  them  unnamed,  still  nearer  at  hand, 
while  in  the  foreground  are  innumerable  lesser  peaks. 
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Causes  qf  the  Existing  Olaciation.  The  region  betifveen  Cross  Sound  and  Cook  Inlet  is 
the  seat  of  the  most  extensive  present-day  gladation  on  the  North  American  mainland, 
and  includes  some  of  the  largest  glaciers  in  the  world  outside  of  the  Arctic  and  Antarctic 
regions.  Yakutat  Bay  lies  near  the  center  of  this  area  of  extensive  gladation,  because 
it  is  about  in  the  center  of  the  lofty  St.  Elias  Range  up  whose  slopes  the  winds,  which 
Uow  prevailingly  from  the  ocean,  bear  their  burden  of  vapor  day  after  day.  The  un- 
broken mountain  chain,  which  causes  the  air  to  rise,  interposing  a  lofty  barrier  of  cold, 
insures  a  heavy  precipitation  of  snow  at  all  seasons.  At  Sitka,  to  the  southeast,  the 
precipitation  ranges  from  59  to  140  inches  a  year;  and  at  Nuchek,  to  the  west,  an  annual 
precipitation  of  190  inches  has  been  recorded.  The  heaviest  precipitation  is  in  autunm 
and  winter.  Both  of  these  stations  are  at  sea  level  and  we  have  no  records  nearer  Yaku- 
tat Bay  in  the  mountains  of  the  St.  Elias  Range;  we  know  only  that  the  snowfall  there 
is  exceptionally  heavy,  under  the  favorable  combination  of  an  unbroken  mountain  bar- 
rier and  prevailing  onshore  winds,  blowing  from  a  sea  whose  temperature  is  raised  by 
the  inflow  of  warm  water  from  the  south. 

On  aU  the  mountains  except  the  very  lowest  there  are  extensive  snowfields,  on  all  of 
them  the  snowfall  is  heavy,  and  above  4000  or  5000  feet  the  precipitation,  both  summer 
and  winter,  is  practically  all  in  the  form  of  snow.  From  these  vast  snowfields,  and  from 
others  farther  back  in  the  mountains,  ice  tongues  radiate,  flooding  all  the  valleys  and 
fiUing  the  larger  ones  with  vast  glaciers,  some  of  which  end  in  the  sea,  others  on  the  land 
at  the  mountain  base. 

General  Characteristics  of  the  Glaciers,    As  yet  there  has  been  no  detailed  study  of  the 

^aders  among  the  mountains  back  from  the  sea,  but  glimpses  of  portions  of  the  region 

have  been  obtained  from  elevated  points  by  various  observers.    The  authors  have  looked 

into  this  snow  and  ice-covered  mountain  region  from  several  of  the  low  mountains  near 

the  coast,  and  they  have  had  descriptions  of  portions  of  it  from  prospectors.    The 

topographers  of  the  Boundary  Commission,  notably  A.  J.  Brabazon,  in  1895,  and  the 

Boundary  Survey  parties  in  1906  and  1907  in  charge  of  Fremont  Morse  of  the  United 

States  Coast  and  Geodetic  Survey  have  seen  a  much  wider  area  and  have  portrayed 

it  on  the  maps,  while  some  of  their  photographs  show  the  condition  very  dearly  in 

the  snow  and  ice-flooded  region  along   this  part  of  the  Alaska-Canada  boundary. 

From  a  far  better  vantage  point  than  either  of  these,  upon  the  higher  slop)es  of  Mt. 

St  Elias,  both  Prof.  I.  C.  Russell  and  the  Duke  of  Abruzzi  have  looked  down  upon 

this  vast  sea  of  snow  and  ice.    No  better  word  picture  of  the  supply  region  for  the 

glaciers  of  Yakutat  Bay  and  vicinity  has  been  given  than  that  of  Professor  Russell, 

which  is  so  vivid  that  it  deserves  quotation  in  all  descriptions  of  this  land  of  glaciers. 

Standing  upon  Russell  Col,  on  a  northern  shoulder  near  the  summit  of  Mt.  St.  Elias 

in  1891,  and  looking  northward.  Professor  Russell  saw  a  view  which  he  describes  in 

the  f oUowing  words : 

"What  met  my  astonished  gaze  was  a  vast  snow-covered  region,  limitless  in  expanse, 
through  which  hundreds  and  perhaps  thousands  of  barren,  angular  mountain  peaks  pro- 
jected. There  was  not  a  stream,  not  a  lake,  and  not  a  vestige  of  vegetation  of  any  kind 
insight.  A  more  desolate  or  more  utterly  lifeless  land  one  never  beheld.  Vast,  smooth 
snow  surfaces  without  crevasses  stretched  away  to  limitless  distances,  broken  only  by 
i&gged  and  angular  mountain  peaks.  .  .  .  The  view  to  the  north  called  to  mind  the 
pictures  given  by  Arctic  explorers  of  the  borders  of  the  great  Greenland  ice  sheet,  where 
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rocky  islands,  known  as  *nunataks,*  alone  break  the  monotony  of  the  boundless  sea  of 
ice.i" 

Fflippo  de  Filippi  describes  the  same  view,  as  seen  by  the  Duke  of  Abruzzi's  party  from 
Russell  Col,  as  follows.'  Looking  to  the  northwest  they  beheld  '^an  interminable  stretch 
of  snow  and  ice,  an  infinite  series  of  low  mountain  chains,  bristling  with  numberless,, 
jagged,  sharp-pointed,  and  precipitous  peaks,  where  rocks  and  ice  fields  were  closely  inter- 
mingled." From  the  summit  of  Mt.  St.  Elias  the  panorama  revealed  ''an  unexplored 
waste  of  glaciers  and  mountains,  a  vast  zone  bristling  with  sharp  peaks  and  crags,  rugged 
and  precipitous  to  the  south,  snow-covered  to  the  north,  and  surrounded  by  vast  snow* 
fields  free  from  crevasses,  and  connected  with  each  other  by  the  snowy  cols  of  the 
mountain  chains.  The  medium  altitude  of  the  snow  fields  is  about  7000  feet,  that  of  the 
mountains  from  9000  to  10,000  feet.  No  words  can  express  the  utter  desolation  of 
this  immeasurable  waste  of  ice,  which  Russell  has  compared  with  the  ice  sheet  that  covers 
Greenland.  No  smallest  trace  of  vegetation  can  be  discerned  on  it,  no  running  water, 
no  lake.  It  might  be  a  tract  of  primitive  chaos  untouched  by  the  harmonizing  forces 
of  nature.  Surveying  this  strange  scene  we  realized  for  the  first  time  that  we  were  close 
to  the  limits  of  the  mysterious  Polar  world." 

This  is  the  condition  not  only  north  of  Mt.  St.  Eliias,  but  east  and  southeast  of  it 
(PL  II)  past  the  glaciers  that  enter  Yakutat  Bay,  past  those  that  enter  the  Alsek  River, 
and  down  to  the  supply  ground  of  the  Muir  Glacier  and  the  glaciers  of  the  Fairweather 
Range. 

Where  not  too  steep,  the  mountain  slopes  and  tops  are  buried  beneath  fields  of  snow» 
and  with  every  snowstorm  more  is  added  to  be  avalanched  into  the  valleys.  So  much 
snow  is  sliding  from  the  mountain  slopes,  or  falling  in  the  valleys,  and  there  being  trans- 
formed into  glacier  ice,  that  the  valleys  are  drowned  in  a  flood  of  snow  and  ice  which 
rises  high  up  on  the  valley  sides.  The  cirques  are  deeply  filled,  the  divides  are  buried 
to  a  great  depth,  and  lower  peaks  are  partly  or  completely  submerged  beneath  the  vast 
accumulation  of  snow  and  ice.  The  result  is  that  there  are  extensive  areas  of  snow-cov- 
ered ice  between  the  higher  peaks,  and  these  areas,  being  often  in  divide  regions,  are  the 
supply  ground  of  glaciers  radiating  in  several  directions.  It  is,  therefore,  possible  to 
travel  from  the  terminus  of  one  of  the  glaciers  up  to  the  ice-submerged  divide  area,  and 
thence  proceed  down  to  the  terminus  of  any  one  of  the  several  glaciers  fed  from  the  same 
broad  reservoir;  but  it  would  be  diflScult  to  tell  where  the  one  glacier  ends  and  the  other 
begins.  To  such  a  glacier  condition  the  name  through  glacier  has  been  applied  (Pis.  Ill, 
VII,  LVIII,  LX,  A,  and  Fig.  12).  Where  well  developed,  as  it  is  east  of  Russell  Fiord, 
the  through  glacier  condition  forms  an  intricate  maze  of  broad,  rather  flat-topped  glaciers 
of  moderate  slope,  which  so  submerge  the  mountains  as  to  give  them  the  appearance 
of  a  drowned  mountainous  land,  like  the  island-skirted  coast  of  southeastern  Alaska.' 

The  snowfall  in  these  broad  reservoir  areas  is  so  great  that  the  ice  surface  is  leveled  by 
it,  and  usually  the  moderate  slope  and  the  deep  snow-cover  combine  to  cause  a  smooth 

1  Russell,  I.  C,  Second  Expedition  to  Mt.  St.  Elias:  Thirteenth  Ann.  Kept.,  U.  S.  Geol.  Survey,  pt.  2,  1808, 
p.  47. 

*  The  Ascent  of  Mt.  St.  Elias,  Alaska,  by  H.  R.  H.  Luigi  Amedeo  di  Savoia,  Duke  of  the  Abruzzi,  Narrated 
by  Filippo  de  Filippi,  illustrated  by  Vittorio  Sella  and  translated  by  Signora  Linda  ViUari  with  the  author's 
supervision,  London,  1900,  pp.  148-149,  159. 

>  Tarr,  R.  S.,  The  Yakutat  Bay  Region,  Alaska,  Professional  Paper  64,  U.  S.  Geol.  Survey,  1909,  p.  86. 
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surface,  with  few  crevasses.  Therefore^  once  the  crevassed  ice  that  is  often  present  below 
the  snow  line  is  passed,  these  through  glaciers  form  excellent  highways.  Those  to  the 
east  of  Yakutat  Bay  were  followed  by  many  prospectors,  in  1898-1899,  as  the  most  feasi- 
ble route  to  the  Alsek  valley,  and  their  sledges  and  other  relics  of  this  over-ice  travel  may 
still  be  seen  on  and  near  the  terminus  of  Nunatak  Glacier,  Fourth  Glacier,  and  at  the 
bead  of  RusseU  Fiord. 

Feeding  the  large  through  glaciers,  both  in  the  ice-submerged  divide  areas  and  in  their 
lower  courses,  are  many  valley  glacier  tributaries  which  descend  from  the  mountains  that 
rise  above  the  ice  flood.    None  of  them  are  as  yet  named,  and  none  of  them  have  so  far 
been  studied,  excepting  only  those  on  the  slopes  of  Mt.  St.  Elias.    They  appear  to  offer 
no  unusual  features,  and  nothing  is  known  that  distinguishes  them  from  ordinary  Alpine 
^aciers  above  snow  line.    Some  are  small  and  steep,  others  long  and  with  moderate 
slope,  and  many  increase  in  steepness  near  their  lower  ends,  frequently  forming  ice  cas- 
cades as  they  descend  from  their  valleys  to  join  the  main  ice  mass.    The  latter  condi- 
tion, characteristic  of  the  majority  of  tributary  glaciers  in  this  region,  is  due  to  former 
facial  erosion  which  lowered  the  main  valley  and  left  the  tributary  valleys  hanging; 
for  great  though  the  expanse  of  snow  and  ice  in  this  region  is  at  present,  it  is  far  less  than 
formerly  existed,  even  in  the  supply  areas.    Indeed,  in  some  cases,  it  is  evident  that 
present-day  through  glaciers,  now  flowing  in  opposite  directions,  were  formerly  contin- 
uous ^aders,  flowing  in  one  direction  across  the  divide.    It  is,  in  part  at  least,  as  a  result 
of  this  former  condition  that  the  divide  areas  have  been  so  lowered  by  glacial  erosion 
that  they  are  now  flat  enough  to  be  drowned  by  ice  and  snow  and  serve  as  the  distribu- 
tmg  area  of  a  system  of  radiating  glaciers.    At  present  there  is  a  network  of  glaciers 
flowing  in  various  directions  in  the  depressions  between  the  higher  peaks;  formerly  this 
network  was  even  more  extensive  but  the  direction  of  flow  was  often  changed  and  even 
leversed. 

The  ice  supply  of  these  through  glaciers  comes  from  three  principal  sources,  (1) 
&ectly  from  snowfall,  since  the  snow  line  lies  between  £000  and  3000  feet  in  the  area 
dthe  through  glaciers,  (2)  from  avalanches,  (3)  from  tributary  glaciers.  From  the  last 
two  sources  are  supplied  rock  fragments  as  well  as  snow,  and  these  are  incorporated 
tboughout  the  ice,  though  naturally  in  greatest  abundance  near  the  glacier  margins  and 
along  bands  medially  placed  by  the  junction  of  glaciers.  A  third  source  of  rock  frag- 
ments is  through  erosion  by  the  ice  itself,  and  this  debris  is  mainly  concentrated  in  the 
bottom  layers.  From  these  several  sources  the  Alaskan  glaciers  receive  a  large  supply 
of  dfl)ris;  but  this  is  not  apparent  above  the  snow  line  where  the  white,  snow-covered 
surface  (PL  IV)  shows  the  presence  of  rock  fragments  only  occasionally  where  a 
freshly  fallen  avalanche  has  not  yet  been  buried  beneath  snow.  Below  the  snow  line, 
however,  the  presence  of  abundant  rock  fragments  becomes  apparent,  where,  by 
ablation,  they  become  concentrated  on  the  ice  surface,  often  completely  covering  the 
glacier  in  its  lower  portion. 

The  abundant  supply  of  rock  fragments  from  avalanches  is  dependent  upon  at  least 
five  favorable  conditions,  as  follows:  (1)  weathering,  which  is  very  active  in  these  high 
mountains,  whose  steeper  slopes  are  exposed  to  sharp  changes  in  temperature;  (2)  the 
abundant  snowfall  which,  forming  deep  accumulations  on  the  mountain  slopes,  and 
attaining  a  condition  of  instability,  is  all  the  time  sliding  down  the  slopes  and  by  its  ero- 
sion tearing  off  portions  of  the  mountain  itself;   (3)  the  condition  of  the  rock,  which  in 
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many  places  is  friable  schist  or  slate,  or  sheeted  and  jointed  gneiss  and  granite  that  is 
readily  broken  oflf  by  weathering  or  by  avalanche  erosion;  (4)  the  oversteeping  of  the 
valley  slopes  by  long  continued  glacial  erosion,  causing  cliffs  and  precipices  down  which 
rock  fragments  are  all  the  time  avalanching  to  the  glacier  surface;  (5)  earthquake  shat- 
tering and  shaking,  forming  rifts  in  the  rock  and  thus  aiding  in  weathering  and  in  the 
production  of  rock  avalanches,  and  earthquake  shaking  acting  directly  as  a  cause  for 
abundant  avalanches  of  snow  and  rock. 

Since  the  St.  Elias  Range  rises  abruptly  from  near  sea  level,  presenting  a  steep  face 
toward  the  sea,  the  larger  glaciers  to  which  the  heavy  snowfall  gives  rise  easily  find  their 
way  down  to  or  near  sea  level,  for  the  snow  line  even  on  the  seaward  face  of  the  moun- 
tains is  not  more  than  3000  or  3500  feet,  while  in  sections  less  exposed  to  the  warm  air 
and  rains  of  the  ocean  it  is  no  higher  than  £000  or  2500  feet.  For  great  glaciers  to  push 
their  termini  down  3000  or  3500  feet  below  snow  line  is  not  difficult.  Shorter  glaciers 
fail  to  do  so,  and  in  the  Yakutat  Bay  region  there  are  scores  of  such  glaciers,  some  ending 
almost  at  snow  line,  others  descending  part  way  to  sea  level.  Such  glaciers  differ  but 
slightly,  if  at  all,  from  the  type  of  ordinary  Alpine  glaciers,  and  in  a  region  of  abundant 
great  glaciers  attract  so  little  attention,  that  they  have  so  far  received  little  study,  and 
are  for  the  most  part  still  unnamed. 

Of  the  large  glaciers  which  reach  nearly  or  quite  down  to  sea  level  there  are  four  dis- 
tinct types.  The  first  of  these,  illustrated  by  Hidden,  Fourth,  and  Black  Glaciers,  is 
not  greatly  different  From  ordinary  valley  glaciers,  though  in  the  case  of  the  first  two, 
forming  a  part  of  a  through  glacier  system.  The  glaciers  of  this  type  are  enclosed  and 
terminate  in  mountain  valleys,  ending  near  sea  level.  The  second  type  of  glacier  is  the 
tidal  glacier,  illustrated  here  by  Nunatak  (PL  V),  Turner  and  Hubbard  Glaciers. 
These  may  all  be  parts  of  a  through  glacier  system,  as  Nunatak  and  Hubbard  Glaciers 
certainly  are;  but  below  the  supply  area  they  have  the  characteristics  of  valley  glaciers 
of  large  size,  moving  with  great  rapidity.  Instead  of  ending  on  the  land,  however, 
they  terminate  in  ice  cliffs  rising  out  of  the  sea,  and  discharging  icebergs  into  it.  The 
third  type  of  glacier,  which  may  or  may  not  be  part  of  a  through  glacier  system,  has 
characteristics  of  an  Alpine  valley  glacier  in  its  mountain  valley,  but,  being  forced 
beyond  the  mountain  front,  terminates  in  an  expanded  foot,  or  bulb,  at  the  mountain 
base,  where  no  longer  confined  between  mountain  walls.  Such  a  piedmont  ice  bulb  may 
lie  entirely  outside  the  mountains,  as  on  the  coastal  plain  which  skirts  the  St.  Elias 
Range,  illustrated  by  Galiano  Glacier  and  other  large  glaciers  to  the  southeast  of  Yakutat 
Bay  (PL  I,  B),  or  it  may  lie  in  a  broader  valley  within  the  mountains,  as  in  the  case  of 
Variegated  Glacier  in  Yakutat  Bay;  or  better  still  in  the  Allen  and  Miles  Glaciers  of  the 
Copper  River  valley.  The  fourth  type  is  the  piedmont  ice  plateau,  of  which  the 
Malaspina  Glacier  is  the  typical  example,  made  by  the  union  of  two  or  more  piedmont 
ice  bulbs.  Malaspina  and  Bering  Glaciers,  the  largest  known  examples  of  this  class, 
are  each  made  by  the  union  of  many  glaciers;  but  there  are  other  cases  of  the  same  type 
where  only  two  or  three  glacier  bulbs  are  united, — ^for  example,  the  piedmont  bulb  made 
by  the  union  of  Atrevida  and  Lucia  Glaciers,  just  west  of  Yakutat  Bay. 

In  addition  to  the  differences  between  these  four  types  of  glaciers  just  mentioned  there 
are  other  notable  peculiarities.  The  tidal  glacier  maintains  activity  to  its  very  front, 
and  in  all  cases  observed  in  this  region  is  crevassed  down  to  the  ice  cliff;  but  the  other 
types  gradually  diminish  in  activity  toward  their  ends  and  finally  assume  almost  com- 
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plete  stagnation,  and  in  the  case  of  portions  of  the  piedmont  bulbs  actual  stagnation. 
In  some  cases  the  outer  portions  of  the  bulbs  become  completely  motionless.  More- 
over, the  tidal  glaciers  terminate  farther  back  in  the  mountains  than  the  other  types,  for 
the  sea  eats  into  them  more  rapidly  than  the  rains  and  warm  air  can  melt  away  those 
glaciers  which  end  on  the  land. 

A3  a  result  of  these  peculiarities  there  are  among  these  glaciers  distinct  differences 
in  the  phenomena  attending  the  destruction  of  their  outer  portions.  From  the  steep 
faces  of  the  crevassed  tidal  glaciers  icebergs  are  constantly  thundering  as  they  fall 
into  the  sea  or  rise  from  the  submerged  base  of  the  ice  cliff.  Both  ice  and  debris  are 
borne  away  from  the  glacier  front,  the  ice  to  melt  and  the  debris  to  be  deposited  at  a 
distance.  Being  back  among  the  mountains,  in  a  cooler  climate,  there  is  less  melting  of 
the  surface  of  the  tidal  glaciers  than  of  those  that  project  as  piedmont  bulbs  beyond  the 
mountain  face.  There  is  consequently  less  water  emerging  from  these  tidal  glaciers, 
and  that  which  does  issue  comes  out  mainly  from  ice  tunnels  beneath  the  sea.  Because 
of  the  rapidity  of  ice  motion,  the  relative  slowness  of  melting,  and  the  active  dbcharge 
<rf  icebergs,  the  tidal  glaciers  have  small  amounts  of  debris  upon  their  surfaces.  Only 
abng  the  lateral  margins,  where  the  motion  diminishes,  where  iceberg  discharge  is  either 
checked  or  entirely  stopped,  and  where  the  debris  supply  is  great,  are  there  extensive 
fields  of  rock  fragments  accumulated  on  the  surface  as  a  result  of  ablation. 

Those  glaciers  which  terminate  in  their  mountain  valleys  are  sometimes  covered  by  fields 
of  d^ris,  but  in  other  cases  have  little.    The  Black  Glacier,  for  example,  is  completely 
buried  beneath  morainic  debris  in  the  lower  third  of  its  valley  portion;  Fourth  Glacier 
has  some  ddbris,  but  not  much,  while  Hidden  Glacier  is  one  of  the  freest  from  d£bris 
cover  of  all  the  glaciers  of  the  region;  but  this  is  in  part,  if  not  entirely,  due  to  the  fact 
that  its  real  terminus  was  buried  (up  to  1906)  beneath  an  outwash  gravel  plain.    The 
piedmont  bulbs  and  piedmont  glaciers,  on  the  other  hand,  are  always  either  partly  or 
completely  buried  beneath  broad  fields  of  morainic  waste.    This  is  due  to  the  fact  that 
these  are  large  glaciers,  with  much  incorporated  rock  debris,  which  spread  out  beyond 
the  mountain  front,  assume  a  condition  of  stagnation  or  semi-stagnation,  and  then  slowly 
waste  away  in  the  cool  temperature,  rainy  climate  of  the  Alaskan  coast.    Ablation  then 
concentrates  rock  fragments  on  the  ice  surface,  giving  rise  in  some  cases  to  areas  of  many 
square  miles  of  barren  rocky  debris,  which  has  been  called  an  ablation  moraine.^    It  con- 
sbts  mainly  of  debris  avalanched  down  upon  the  glacier  within  the  mountains,  incor- 
porated in  the  ice  mass,  and  near  the  glacier  terminus  concentrated  at  the  surface  by 
the  wasting,  or  ablation,  of  the  ice.    In  the  more  stagnant  portions  of  the  glacier  the 
ablation  moraine  becomes  so  thick  that  it  serves  to  so  protect  the  glacier  that  further 
melting  proceeds  very  slowly.    Then  the  soil  assumes  such  stability  that  plants  may 
find  a  foothold.    On  the  inner  margins  of  this  portion  of  an  ablation  moraine  willows 
and  alder  bushes  are  found  as  scattered  individuals  or  in  clusters;  but  on  the  outer  mar- 
gin the  ablation  moraine  may  become  so  stable  that  forests  of  cottonwood  and  spruce 
grow,  with  trees  a  half  century  or  more  old.'    The  Malaspina,  Lucia,  and  Atrevida  Gla- 
ciers each  furnish  illustrations  of  this  condition. 

>  Tair,  R.  S.,  The  Yakutat  Bay  Region,  Alaska,  Professional  Paper  64,  U.  S.  Geol.  Survey,  1909,  p.  87;  Tarr, 
H.  S ,  Some  Phenomena  of  the  Glacier  Margins  in  the  Yakutat  Bay  Region,  Alaska,  Zeitschrift  fdr  Gletscher* 
konde.  Band  m,  1908,  pp.  85-68. 

iRuadL  I.  C.p  18th  Ann.  RepL,  U.  S.  Geol.  Survey,  1894,  Pis.  Xm,  XIV. 
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It  is  partly  the  presence  of  the  ablation  moraine  on  these  piedmont  glacier  bulbs  that 
permits  them  to  remain  in  a  temperate  climate  so  far  from  the  mountain  front  and  essen- 
tially at  sea  level.  Without  the  protection  from  the  morainic  cover  these  bulbs  "would 
of  necessity  waste  away;  with  it  they  linger  for  scores  of  years  even  when  all  further  ice 
supply  ceases.  How  slowly  the  ice  wastes  is  attested  by  the  fact  that  dense  forests  thrive 
in  the  morainic  soil  that  covers  the  glacier. 

When  the  ice  melts  entirely  away  the  ablation  moraine  forms  a  thin,  irregular  veneer 
on  the  surface  where  the  glacier  bulb  formerly  stood,  and  the  sites  of  lateral  moraines 
are  marked  by  benches  and  terraces  of  morainic  drift;  but  terminal  moraines  are  not 
extensively  developed  at  the  front  of  the  piedmont  ice  bulbs,  though  they  are  developed 
at  the  fronts  of  glaciers  which  terminate  within  their  mountain  vaUeys,  and  probably 
also  in  front  of  those  which  end  as  tidal  glaciers.  The  failure  to  develop  terminal  mo- 
raines aroimd  the  front  of  the  piedmont  bulbs  is  easily  imderstood  when  one  considers 
that  the  ice  in  them  is  either  stagnant  or  so  slowly  moving  that  very  little  debris  is  brought 
to  the  glacier  end,  and  that,  therefore,  there  is  no  opportunity  for  notable  concentration 
of  deposit. 

Instead  of  moraines  around  the  periphery  of  these  piedmont  bulbs,  the  frontal  accu- 
mulations that  are  most  noteworthy  are  those  brought  and  deposited  by  streams.  There 
is  much  melting  over  the  entire  bulb  area  and  even  in  the  mountain  valley  above  it,  and 
this  abundant  water  is  supplied  with  great  quantities  of  sediment.  Streams  issue  from 
various  portions  of  the  ice  front,  some  of  them  very  large,  and  aU  heavily  charged  with 
sediment,  varying  in  texture  from  fine  clay  to  large  pebbles  and  small  bowlders.  Much 
of  this  sediment  must  be  quickly  deposited  on  the  plains  that  intervene  between  the  ice 
front  and  the  sea  and  that  are  themselves  the  product  of  this  same  stream  deposit.  If 
the  ice  of  the  piedmont  glaciers  of  the  Yakutat  Bay  region  should  melt  away,  without 
further  change,  the  position  of  their  fronts  would  be  traced  by  a  series  of  alluvial  fans 
sloping  away  from  the  ice,  while  on  the  site  of  the  ice  itself  there  would  be  a  thin,  hum- 
mocky  deposit  of  bowlder  strewn  moraine  derived  from  the  ablation  moraine  of  the  gla- 
ciers. Stream  deposition  is  exceedingly  active  in  this  region  of  abimdant  water  supply 
and  sediment  load;  but  moraine  deposit  is  slow  and  quite  ineffective. 

The  Glaciers  of  Yakutat  Bay,  As  has  been  stated,  there  are  scores  of  glaciers  in  and 
near  Yakutat  Bay,  but  the  great  majority  have  as  yet  received  no  detailed  study,  be- 
cause they  are  small  individuals  in  a  region  of  much  larger  glaciers,  and  because  they 
present  no  features  of  exceptional  interest,  in  a  region  where  a  number  of  the  glaciers 
have  features  of  decided  interest.  Some  of  these  smaller  glaciers  were  studied  and  photo- 
graphed during  the  expeditions  of  1905  and  1906  and  are  briefly  described  in  the  reports 
upon  the  work  of  those  years,  but  in  the  National  Geographic  Society's  expeditions  of 
1909-10  attention  was  paid  to  only  the  larger  glaciers,  and  those  smaller  ones  that  were  of 
special  interest.  In  later  chapters  the  results  of  these  studies,  in  the  light  of  our  pre- 
vious knowledge  of  them,  are  stated  in  detail;  here  it  is  intended  merely  to  briefly  charac- 
terize and  locate  these  more  important  glaciers. 

Beginning  with  the  western  portion  of  the  area,  there  is  the  Malaspina  Glacier,  the 
largest  of  all,  a  vast  piedmont  ice  plateau  made  by  the  union  of  the  piedmont  bulbs  of 
several  large  glaciers  and  many  smaller  ones.  Most  of  its  periphery  is  covered  by  abla- 
tion moraine,  and  in  places  this  moraine  supports  a  forest  of  alder,  cottonwood,  and  spruce. 
The  easternmost  tributary  to  the  Malaspina  is  Hayden  Glacier,  which,  however,  contri- 
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butes  little  ice  to  the  plateau;  but  just  to  the  west  of  the  Hay  den  the  great  Marvine  Gla- 
cier descends  from  the  mountains  and  supplies  the  ice  which  forms  the  easternmost  of 
the  four  lobes  of  the  Malaspina  Glacier.  The  low  ice  cliff  of  this  lobe  of  the  glacier  lies 
just  back  of  the  west  coast  of  Yakutat  Bay  from  near  Point  Manby  to  the  Kwik  River, 
being  separated  from  the  sea  by  a  fringe  of  alluvial  fans  across  which  many  large,  swift, 
facial  streams  flow.  The  Marvine  lobe  of  the  Malaspina  Glacier  is  of  distinct  present 
interest  because  of  the  rapid  change  from  stagnation  to  activity  which  was  observed  in 
1906. 

East  of  the  Malaspina  Glacier,  and  between  it  and  Yakutat  Bay,  are  three  glaciers 
which  extend  beyond  their  mountain  valleys  and  spread  out  in  piedmont  bulbs.  The 
largest  of  these,  the  Lucia,  is  the  westernmost  and  it  is  now  separated  from  Malaspina 
Glacier,  to  which  it  was  imdoubtedly  formerly  a  tributary,  only  by  the  gravels  of  the 
Kwik  River  alluvial  fan.  Inmiediately  east  of  the  Lucia,  and  coalescing  with  it,  is  the 
piedmont  bulb  of  Atrevida  Glacier.  Both  of  these  bulb  glaciers  are  partly  covered  with 
ablation  moraine  and  on  their  outer  stagnant  termini  support  forests  of  alder,  cotton- 
wood  and  spruce.  Atrevida  Glacier  changed  from  a  stagnant  to  an  active  condition 
between  September,  1905,  and  June,  1906,  and  Lucia  Glacier  was  changing  in  1909. 
Galiano  Glacier,  the  smallest  of  these  three  glaciers,  changed  from  stagnation  to  activity 
sometime  between  1890  and  1905,  probably  after  1899.  Its  piedmont  bulb  extends  prac- 
ticaUy  to  the  shores  of  Yakutat  Bay  from  which  it  is  separated  only  by  a  narrow  gravel 
beach.  Two  or  three  miles  to  the  east  of  Galiano  Glacier  is  the  still  smaUer  Black  Glacier, 
which  has  no  piedmont  bulb,  and  is  interesting  especially  because,  though  so  near  the 
Galiano,  it  gives  no  evidence  of  having  undergone  notable  change  in  condition. 

On  the  west  side  of  Disenchantment  Bay  is  the  large  Turner  Glacier,  a  tidal  glacier 
with  an  ice  cliff  2^  miles  in  length,  which,  though  changed  slightly  each  time  it  has  been 
observed,  shows  no  such  pronounced  variation  in  condition  as  those  just  mentioned. 
Just  north  of  it,  however,  is  a  smaller  glacier,  called  Haenke  Glacier,  which,  like  the  Atre- 
vida«  was  absolutely  transformed  between  1905  and  1906,  having  become  broken  and 
having  advanced  nearly  a  mile  and  assumed  tidal  condition  in  an  interval  of  ten  months. 
Just  north  of  this  is  the  small  Miller  Glacier,  which  had  a  similar  transformation 
about  1901. 

Next  to  these  is  the  Hubbard  Glacier,  the  largest  tidal  glacier  in  the  region,  fed  by 
two  large  tributaries  from  some  unknown  source  far  back  among  the  mountains  and  hav- 
ing a  tidal  front  5^  to  6  miles  in  length.  It  presents  many  interesting  features,  and  in 
1909  had  a  very  slight  advance.  Variegated  Glacier,  whose  piedmont  ice  bulb  coalesces 
with  the  southeastern  side  of  the  Hubbard,  presents  the  interesting  condition  of  a 
piedmont  bulb  in  a  valley,  instead  of  at  the  base  of  the  mountain  front.  It  resembles 
Atrevida  and  Lucia  Glaciers  in  its  ablation  moraine,  though  it  lacks  forest  growth.  It 
rivals  Atrevida  Glacier  in  the  extent  of  its  transformation  between  1905  and  1906. 
Almost  coalescing  with  the  Variegated  is  the  Orange  Glacier,  entirely  confined  to  its 
mountain  valley,  unchanged  since  first  observed  by  us  in  1905,  and  forming  the  western 
€ndof  a  through  glacier,  whose  other  end  is  just  back  from  the  shores  of  Nimatak  Fiord. 
Near  the  southeastern  end  of  this  through  glacier,  a  hitherto  unnamed  glacier,  to 
which  we  have  given  the  name  Butler  Glacier,^  descends  from  the  moimtains,  and 

*  After  Mr.  B.  S.  Butler  of  the  U.  S.  Geol.  Survey,  whose  efficient  aid  contributed  greatly  to  the  success  of 
tbe  1905  and  1906  expeditions  to  Yakutat  Bay. 
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emerges  from  its  broad  mountain  valley,  then  spreads  out  in  a  piedmont  bulb  reaching 
almost  to  the  shores  of  Nunatak  Fiord. 

Just  east  of  this  piedmont  bulb  is  the  ice  cliff  of  the  tidal  Nunatak  Glacier  whose  his* 
tory  since  first  seen  in  1891  up  to  1910  was  one  of  continued  recession;  but  between 
August,  1909,  and  June,  1910,  it  advanced  about  1000  feet.  It  has  abo  a  wasting  land 
tongue,  or  distributary,  and  above  its  end  hangs  the  Cascading  Glacier,  the  type  of  a 
series  of  similar  cascading  glaciers  in  this  region  and  elsewhere  in  Alaska.  Opposite,  on 
the  north  side  of  the  fiord  is  Hanging  Glacier  which  no  longer  cascades  over  its  hanging 
valley  lip.  Hidden  Glacier,  to  the  southwest  of  Nunatak  Glacier,  was  of  peculiar  inter- 
est in  1905  because  the  outwash  gravel  plain  which  separated  its  stagnant  terminus  from 
the  sea  rested  for  a  distance  on  the  glacier  ice,  which,  by  melting,  gave  rise  to  a  pitted 
plain.  All  this  is  now  destroyed,  for  when  seen  in  1909  Hidden  Glacier  was  utterly  trans- 
formed, having  also  imdergone  a  spasmodic  advance  since  last  visited  in  1906.  The 
last  glacier  of  the  series  studied  in  1909-10  is  Fourth  Glacier,  which  terminates  within  its 
mountain  valley,  just  back  of  the  mountain  front,  being  a  typical  valley  glacier  tongue 
of  a  through  glacier  system.  It  shows  no  sign  of  other  recent  change  than  that  of 
recession. 

Other  names  have  been  proposed  for  this  glacier,  notably  Beasley  Glacier,  but  we  pre- 
fer the  name  Fourth  Glacier,  by  which  it  is  known  locally,  and  because  there  seems  no 
.good  reason  for  attempting  to  substitute  another  name.  Besides  being  sanctioned  by 
local  usage,  and  by  the  United  States  Geographic  Board,  the  term  Fourth  Glacier  helps 
to  record  one  of  the  bits  of  history  of  this  region,  as  Malaspina,  Haenke,  Atrevida  and 
other  names  record  other  historic  events.  In  1898-99  Yakutat  Bay  was  visited  by 
large  numbers  of  prospectors  who  undertook  to  reach  the  reputed  gold  fields  of  the  Alsek 
valley  by  an  over-ice  route,  or  else  attempted  to  reach  the  Klondike  district  by  an  easier 
route  than  that  over  White  Pass.  Going  up  Yakutat  Bay  in  boats  they  named  the  large 
glaciers  in  their  order.  First  (Turner),  Second  (Hubbard),  Third  (Nunatak),  and  Fourth 
Glacier,  passing  by  Hidden  Glacier,  which  perhaps  they  did  not  see,  without  naming  it. 
Parties  crossed  by  both  the  Third  and  Fourth  Glacier  routes.  It  is  an  interesting  episode 
in  the  history  of  this  region,  and  in  the  mining  history  of  Alaska,  and  it  is  our  belief  that 
it  is  best  to  retain  this  one  of  the  names  that  these  adventurous  prospectors  applied  to 
the  region. 

Former  Expansion  of  the  Yahdai  Bay  Glaciers.  Throughout  the  entire  Yakutat  Bay 
region  the  evidence  is  complete  that  all  the  glaciers  have  at  a  former  period  been  far  more 
extended  than  at  present.^  The  period  of  greatest  extension  of  the  glaciers  was  recent  in 
a  geological  sense,  but  was  at  least  several  centuries  ago,  for  a  mature  forest  grows  on  the 
deposits  laid  down  by  these  expanded  glaciers. 

There  are  several  lines  of  evidence  upon  which  the  conclusion  is  based  that  these  gla- 
ciers were  formerly  far  greater  than  now.  In  the  first  place,  throughout  the  region  the 
valleys  show  clear  signs  of  pronoimced  glacial  erosion.  The  valley  walls  are  scored, 
grooved,  polished  and  smoothed  to  elevations  far  above  sea  level,  and,  in  those  valleys 
in  which  glaciers  still  linger,  to  elevations  far  above  the  surfaces  of  the  present  glaciers. 
Tributary  valleys  hang  above  the  level  of  Yakutat  Bay,  Disenchantment  Bay,  Russell 

*■  Tarr,  R.  S.  and  Martin,  Lawrence,  Glaciers  and  Gladation  of  Yakutat  Bay,  Alaska,  Bull.  Am.  Geog.  Soe, 
Vol.  XXXVm,  1906,  pp.  155-164. 
Tarr,  R.  S.,  The  YakuUt  Bay  Region,  Alaska,  Professional  Paper  64,  U.  S.  Geol.  Survey,  1009,  pp.  96-187. 
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liordy  and  Nunatak  Fiord;  secondaiy  tributaries  to  these  lateral  valleys  hang  above 
them;  and  hanging  vaUeys»  many  with  cascading  glaciers,  lie  above  the  level  of  the  sur- 
faces of  all  the  larger  existing  glaciers.    Many  of  these  glaciers  head  in  cirques,  except 
in  the  case  of  the  through  glaciers.    A  second  evidence  of  former  expansion  b  the  pres- 
ence of  outwash  gravels  along  the  shores  of  the  inlet  in  places  where  glaciers  are  no  longer 
present  or  depositing  gravels,  and  even  as  far  out  as  the  mouth  of  Yakutat  Bay.    The 
tlurd  proof  is  the  distribution  of  transported  rock  fragments  and  the  development  of 
DDTainic  terraces  at  elevations  high  above  the  level  of  the  inlet,  and,  where  glaciers  are 
present*  high  above  their  present  surfaces.    Such  deposits  occur  all  along  the  shores  of 
the  inlet,  to  the  west  of  Yakutat  Bay  above  the  eastern  margin  of  Malaspina  Glacier,  and 
in  the  valleys  of  the  larger  glaciers  which  come  down  to  Yakutat  Bay.    The  moraine 
terraces  descend  in  the  direction  of  the  ocean,  and  are  evidently  to  be  correlated  with 
the  deposits  which  constitute  the  fourth  evidence  of  former  glacier  expansion, — the 
kommocky  moraine  which  forms  the  southeastern  margin  of  Yakutat  Bay,  as  far  out  as 
Yakutat,  the  similar  moraine  about  the  head  of  Russell  Fiord,  and  the  crescentic  de- 
poart  which  extends  as  a  submarine  ridge  across  the  outer  part  of  Yakutat  Bay. 

From  these  four  lines  of  evidence  it  has  been  concluded  that,  at  the  period  of  greatest 
expansion^  all  the  glaciers  were  much  larger  than  now, — ^Malaspina  Glacier  then  rose 
much  higher  on  the  slopes  of  the  mountains  west  of  Yakutat  Bay,  its  tributaries  were 
greater,  it  received  tributaries,  notably  Lucia  and  Atrevida  Glaciers,  that  are  now  dis- 
oouiected,  and  it  coalesced  with  a  great  glacier  that  filled  Disenchantment  Bay  and  Yak- 
utat Bay  out  as  far  as  Yakutat  and  the  submerged  moraine  that  stretches  in  crescentic 
form  from  Ocean  Cape  westward  to  Point  Manby.  To  this  expanded  glacier  that  filled 
Yakutat  Bay,  the  name  Yakutat  Bay  Glacier  has  been  given;  and  the  similar  expanded 
l^er  in  Russell  Fiord  has  been  called  the  Russell  Fiord  Glacier.  The  latter  glacier 
GOiq>letely  filled  Russell  Fiord  and  terminated  in  a  piedmont  bulb  on  the  inner  edge  of 
the  foreland,  where  it  has  left  a  crescentic  moraine  from  which  outwash  graveb  slope 
aeawaid. 

Since  the  period  of  maximum  glacier  expansion,  and  far  more  recently  than  it,  there 
has  been  a  minor  advance,  by  which  the  united  Hubbard  and  Turner  Glaciers,  joined  by 
others,  pushed  southward  into  Disenchantment  Bay  and  southeastward  into  Russell  Fiord, 
while  Nunatak  Glacier,  coalesced  with  Hidden  Glacier  and  others,  pushed  northwest- 
ward into  the  northwest  arm  of  Russell  Fiord,  and  southward  into  the  south  arm  about 
two  thirds  of  the  way  to  the  head  of  the  bay.  During  this  advance  a  lake  was  formed 
in  the  upper  end  of  Russell  Fiord  whose  shoreline  can  be  easily  seen  and  traced.  This 
advance  of  the  glaciers  was  of  such  brief  duration,  and  of  such  moderate  intensity,  that 
the  ice  erosion  did  not  succeed  in  removing  the  gravels  previously  deposited.  It,  there- 
fore, contrasts  strikingly  with  the  earlier,  prolonged  advance  by  which  the  bed  rock 
was  scoured  out  to  a  depth  of  many  hundred  feet  by  the  powerful  erosive  action  of  the 
expanded  glaciers.  Between  these  two  ice  advances  there  was  a  long  interval  during 
which  the  glaciers  receded  even  farther  than  at  present,  and  forest  growth  extended 
throughout  the  fiord,  and  even  up  the  valleys  now  occupied  by  the  glaciers.  The  ter- 
mination of  the  last  advance  was  but  a  short  time  ago,  at  the  most  but  a  century  or  two, 
uid  the  recession  from  this  stage  of  advance  was  apparently  still  in  progress  as  late  as 
1W5.  The  proof  of  the  recency  of  the  last  advance,  and  of  the  ice  recession  from  that 
stand,  is  the  condition  of  the  vegetation  growing  in  the  area  occupied  by  the  ice  and  the 


36  ALASKAN  GLACIER  STUDIES 

lake  water.  In  the  outer  portion  of  the  area  covered  by  the  expanded  glacier^  a  dense 
growth  of  mature  alder  and  some  cottonwood  covers  the  overridden  graveb,  but  the 
growth  rapidly  decreases  in  amount  and  density  toward  the  present  glacier  fronts.  In 
Seal  Bay  and  Nunatak  Fiord  there  are  only  scattered  individual  plants,  and  the  density 
of  alder  growth  gradually  increases  thence  toward  the  portions  of  the  inlet  where  the 
expanded  glaciers  ended.  In  other  words,  this  period  of  ice  advance  was  so  recent  that 
only  a  part  of  the  area  is  as  yet  occupied  by  vegetation  (PL  VI),  and  the  outer  portion 
is  occupied  only  by  the  advance  growth  of  alder  and,  in  the  extreme  south,  of  cottonwood. 
The  spruce  forest  of  the  Alaskan  coast  has  not  yet  had  time  to  advance  upon  the  region 
from  which  the  glaciers  have  so  recently  receded. 

Recent  Recession  of  the  Glaciers.  In  Professor  Russell's  visits  to  the  Yakutat  Bay  region 
in  1800  and  1801  he  f  oimd  the  glaciers  to  be  in  general  in  a  state  of  recession.  Dr.  Gilbert's 
observations  in  1800  led  him  to  the  same  conclusion,  and  our  observations  in  1005  showed 
that  the  glaciers  were  still  wasting  away.  The  evidence  of  this  condition  of  recession  is 
partly  inferred  from  the  characteristics  of  the  glaciers  and  the  conditions  at  their  borders, 
and  partly  obser\'ed  by  direct  comparison  at  the  later  dates  with  observations  made 
during  the  earlier  studies.  Russell,  Gilbert,  and  the  authors  of  this  book,  have  all  noted 
the  fact  that  many  of  the  glaciers  are  covered  by  ablation  moraines  at  their  lower  ends, 
and  that  in  some  of  the  more  stagnant  portions  these  ablation  moraines  bear  forests. 
From  this  condition  the  inference  is  perfectly  warranted  that  the  glaciers  in  these  regions 
are  wasting.  More  specific,  however,  is  the  evidenice  around  the  glacier  borders,  both 
at  the  sides,  and,  in  those  which  end  on  the  land,  at  their  fronts.  While  forest,  or  at 
least  alder  (PI.  VI,  B),  extends  nearly  up  to  the  front  of  many  of  the  glaciers,  and  also 
grows  on  the  valley  sides  above  them,  there  is,  near  many  of  the  glaciers,  a  zone  in 
front  of  and  just  above  the  glaciers,  which  is  barren  of  vegetation  (PL  VI,  A).  From 
such  a  condition  one  infers  with  certainty  that  the  ice  has  withdrawn  from  such  areas 
so  recently  that  vegetation  has  not  yet  had  time  to  encroach  upon  it.  The  extent  of 
shrinkage  indicated  by  this  class  of  evidence  varies  with  different  glaciers,  but  it  was 
present  to  some  degree  in  the  neighborhood  of  almost  all  the  glaciers  studied,  and  in 
some  it  indicates  a  great  and  long-continued  shrinkage.  This  is  particularly  true  in 
Nunatak  and  Russell  Fiords,  as  already  stated  in  the  preceding  section.  Here  it  is 
certain  that  in  the  last  century  the  recession  has  amounted^to  many  miles. 

By  the  photographs  taken  by  Professor  Russell,  though  they  were  taken  merely  as 
incidents  in  a  work  of  different  object,  a  basis  was  established  for  future  record  of  the 
changes  in  the  position  of  the  fronts  of  some  of  the  glaciers;  and  still  further  basis  for 
such  comparative  work  was  established  by  the  photographs  of  the  Canadian  Boundary 
Commission  in  1805.  Naturally,  therefore.  Dr.  Gilbert  instituted  such  comparisons 
when,  in  1800,  he  visited  the  region  as  a  member  of  the  Harriman  Expedition;  and  he 
added  a  new  basis  for  futurecomparison  by  taking  photographs  of  still  other  glaciers.  We> 
in  1005,  therefore,  had  a  body  of  photographic  evidence  upon  which  to  study  the  changes 
of  positions  of  the  glacier  fronts  during  recent  years.  This  study  of  photographic  rec- 
ords shows  that  some  of  the  glaciers,  notably  Hubbard  and  Turner,  changed  but  little 
between  1801  and  1005,  but  that  Nunatak  and  Hidden  Glaciers  receded  greatly  be- 
tween 1800  and  1005.  For  the  smaller  glaciers  there  is  no  photographic  basis  for  a  state- 
ment, though  the  other  evidence  gives  conclusive  proof  of  recession  in  many  cases. 

In  1800  the  Harriman  Expedition  added  still  another  basis  for  future  studies  of  the 
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positions  of  the  larger  glaciers  by  the  construction  of  plane  table  maps  by  Mr.  Henry 
Gannett.  Maps  of  similar  character  were  also  made  by  the  United  States  Geological  Sur- 
rey expeditions  of  1905  and  1906  by  Messrs.  Butler  (in  1905)  and  Rich  (in  1906).  It  was 
part  of  the  plan  of  the  National  Geographic  Society's  expeditions  of  1909-10  to  make  more 
detafled  maps  of  the  larger  glaciers  of  Yakutat  Bay  as  a  basis  for  future  studies  of  the 
dianges  in  these  glaciers,  and  for  this  purpose  one  of  the  topographers  of  the  United 
States  Geological  Survey,  Mr.  W.  B.  Lewis,  was  attached  to  the  expeditions.  Assisted 
by  E.  F.  Bean  and  F.  E.  Williams,  he  has  made  the  contour  maps  which  accompany 
this  book.  All  future  students  of  the  glaciers  of  this  region  will  find  in  their  carefully- 
made  maps  a  reliable  basis  for  comparison  of  the  positions  of  the  glacier  fronts  as  they 
may  change  from  time  to  time. 

Recent  Advance  of  the  Glaciers.  Earlier  in  this  chapter  it  has  been  intimated,  and  in 
other  publications  stated  with  full  detail,^  that  some  of  the  glaciers  in  the  Yakutat  Bay 
reg^n  have  been  recently  subjected  to  an  advance  of  such  imusual  character  as  to  lead 
io  the  desire  to  study  the  phenomenon  further.  It  was  primarily  this  desire  that  led 
us  to  return  to  the  Yakutat  Bay  region  in  1909  and  1910,  and  the  results  of  the  work  of 
tlieae  years  that  are  of  most  value  relate  to  the  phenomena  attending  the  advance  of  the 
glaciers.  These  results  will  be  stated  in  detail  in  later  chapters  devoted  to  the  discussion 
of  individual  glaciers;  but  in  order  that  these  details  may  appear  in  their  proper  setting 
it  seems  desirable  to  make  a  general  statement  concerning  the  phenomenon. 

In  1905,  while  a  general  condition  of  recession  characterized  the  great  majority  of  the 
Takutat  Bay  glaciers  one,  Galiano  Glacier,  presented  convincing  evidence  of  change  to 
activity  in  the  interval  since  it  was  photographed  by  Russell  in  1890.  Then  it  had  a 
stagnant  piedmont  bulb  on  whose  ablation  moraine  a  forest  of  alder  and  cottonwood 
grevr,  proved  both  by  Russell's  description  and  by  his  photographs  and  also  shown  by 
Boondaiy  Survey  photographs  in  1895.  This  forest  growth  had  entirely  disappeared 
m  1905,  but  the  piedmont  bulb  was  again  stagnant  and  covered  by  ablation  moraine, 
though  with  only  yoimg  alders  scattered  here  and  there.  Neighboring  glaciers,  for  in- 
stance Atrevida  to  the  west  and  Black  Glacier  to  the  east,  gave  no  evidence  of  similar 
change,  and  no  such  evidence  was  found  in  any  other  glaciers.  Puzzled  by  the  phe- 
nomena, and  forced  to  the  hypothesis  that  it  was  in  some  way  connected  with  the 
earthquakes  of  1899,  we  made  no  attempt  at  explanation  but  merely  described  the 
facts.  We  were  not  at  aU  prepared  for  the  momentous  changes  which  occurred  in  the 
mterval  between  the  summers  of  1905  and  1906. 

Returning  to  Yakutat  Bay  in  1906,  the  senior  author  found  four  glaciers  absolutely 
transformed,  and  all  the  others  unchanged.  These  glaciers  that  were  so  altered  in  the 
brief  interval  of  nine  or  ten  months  are,  named  from  west  to  east,  the  Marvine  Glacier 
and  the  eastern  lobe  of  the  Malaspina  Glacier  that  is  fed  by  the  Marvine,  the  Atrevida 
Glacier,  Haenke  Glacier,  and  Variegated  Glacier.  In  the  summer  of  1905  one  could 
travel  over  the  surfaces  of  these  glaciers  at  vvill.  On  two  of  them,  Atrevida  and  Varie- 
gated Glaciers,  we  walked  freely,  on  the  former  late  in  August,  without  recognizing  any 
rigns  of  coming  change  to  activity.  The  glaciers  were  crevassed  slightly  only  here  and 
there,  and  outside  the  mountain  were  in  a  stagnant  or  semi-stagnaut  condition  and  cov- 
ered with  a  waste  of  ablation  moraine;  but  in  June,  1906,  all  four  glaciers  were  trans- 

^  See  especially,  Tarr,  R.  S.,  The  Yakutat  Bay  Region,  Alaska,  Profesaional  Paper  64,  U.  S.  Geol.  Survey, 
1^1  pp.  41-^.    Here  will  be  found  references  to  other  publications  on  the  subject. 
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formed  to  a  sea  of  crevasses;  and  not  only  was  it  impossible  to  travel  over  their  surfaces, 
but  it  was  not  even  possible  to  climb  up  on  the  glaciers  except  by  the  most  difficult  ice 
work.  Furthermore,  the  glaciers  were  even  then  actively  advancing,  and  the  advance 
extended  out  even  to  the  fully-stagnant  margins,  overturning  forests  of  alder  and  Cot- 
tonwood that  were  growing  on  the  outer  portions  of  the  Malaspina  and  Atrevida  Glaciers. 
Not  only  were  the  ice  surfaces  broken  by  a  maze  of  crevasses,  and  the  margins  which  had 
hitherto  been  gently-sloping,  moraine-covered  icebanks  transformed  to  steep  ice  cliffs 
crowned  by  bristling  ice  pinnacles,  but  the  margins  were  pushed  forward,  and  the  hither- 
tofore  stagnant  piedmont  bulbs  were  thickened.  Haenke  Glacier  had  advanced  to  tidal 
condition;  the  Atrevida  and  Malaspina  Glaciers  were  pushing  into  the  forest  that  fringed 
their  margins;  and  Variegated  Glacier  had  become  notably  thicker  and  had  crowded  out 
over  a  rock  gorge,  destroying  the  glacial  stream  that  had  occupied  it  in  1905. 

It  was  evident  from  these  facts  that  the  glaciers  in  question  had  been  subjected  to 
some  unusual  impulse  that  had  caused  a  sudden  forward  movement  by  which  they  had 
been  pushed  forward,  thickened,  and  their  surfaces  greatly  broken.  In  seeking  for  an 
explanation  for  such  a  phenomenon,  not  hitherto  recorded,  only  one  cause  seemed  ade- 
quate, namely,  the  effect  of  the  severe  earthquake  shocks  to  which  this  region  was  sub- 
jected in  1890.  The  hypothesis  put  forward  by  the  senior  author  was  that  the  repeated 
violent  shaking  during  the  earthquakes  that  occurred  between  September  3  and  20, 1800, 
threw  so  much  snow  and  ice  into  the  reservoirs  of  the  glaciers  that  a  wave  of  motion  was 
started  which  reached  completely  down  to  the  terminus  of  Galiano  Glacier  before  1005, 
and  which  was  passing  down  the  four  other  glaciers  during  1006.  In  testing  this  hy- 
pothesis with  the  facts  available,  all  were  found  to  be  in  harmony  with  it,  none  were  dis- 
covered that  were  opposed  to  it,  and  no  other  hypothesis  could  be  suggested  which  had 
no  fatal  objections  to  it. 

While  the  hypothesis  of  earthquake  cause  for  this  advance  seemed,  therefore,  well 
supported  it  was  desired  to  subject  it  to  still  further  test,  and  it  was  one  of  the  main 
objects  of  the  expedition  of  1900  to  apply  these  tests.  There  were  three  such  tests  which 
we  had  especially  in  mind.  In  the  first  place,  if  the  advance  were  due  to  this  cause,  it 
should  be  confined  to  the  region  of  violent  earthquake  shaking.  By  inquiring  regarding 
the  condition  of  glaciers  southeast  of  Yakutat  Bay,  as  in  Glacier  Bay,  and  by  study  of 
some  of  the  glaciers  of  the  Prince  William  Sound  region  to  the  northwest  we  were  able 
to  apply  this  test  to  some  extent,  but  not  so  fully  as  to  warrant  definite  statement  of  its 
adequacy  in  support  of  the  hypothesis.  In  view  of  the  multitude  of  glaciers  in  the  region 
to  the  southeast  and  northwest  of  Yakutat  Bay,  the  fact  that  among  the  comparatively 
few  which  we  were  able  to  study  or  gain  specific  information  about,  we  found  none  tiiiat 
furnished  evidence  of  spasmodic  advance,  is  only  contributory  evidence.  For  final  testi- 
mony other  studies  over  a  wider  field  are  necessary. 

The  second  test  is  that  of  the  behavior  of  other  glaciers  in  the  Yakutat  Bay  region  in 
the  interval  between  1906  and  1909.  If  the  hypothesis  proposed  is  correct,  probably 
some  of  the  smaller  glaciers  of  Yakutat  Bay  had  advanced  before  1905,  and  certainly 
some  of  the  other  glaciers  of  the  region  ought  later  to  show  signs  of  the  appearance  of 
the  wave  of  advance.  This  was  predicted  in  the  report  on  the  expeditions  of  1005  and 
1906.^  There  is  reason  to  believe  that  there  was  an  advance  of  some  of  the  smaller  gla^ 
ciers  before  1905,  though  it  is  now  difficult  to  obtain  convincing  evidence;  but  that  the 

t  Tan,  R.  S.,  The  Yakutot  Bay  Regkm,  Alaska,  ProfeaaioDal  Fkper  94,  U.  S.  GeoL  Sunroy,  1900,  pp.  OS-M. 
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wave  of  advance  was  extended  to  other  glaciers  between  1905  and  1910  was  strikingly 
illustrated  by  Hidden  Glacier,  which  had  advanced  two  miles  and  become  greatly  broken, 
by  Lucia  Glacier,  which  was  actively  advancing  and  greatly  transformed  by  crevassing 
during  the  sunmier  of  1909,  and  less  strikingly  by  Hubbard  Glacier,  whose  eastefn  mar- 
gin was  just  beginning  to  advance  in  1909,  and  by  Nunatak  Glacier,  which  had  a  slight 
advance  in  1910. 

The  third  test  was  that  of  cessation  of  advance  in  those  glaciers  that  had  moved  for- 
ward in  1906.  With  a  sudden,  great  addition  of  snow,  quickly  terminated,  and  followed 
by  a  spasmodic  advance  of  the  glaciers  thus  supplied,  it  would  be  expected  that  the  wave 
ci  advance  would  soon  die  out  and  the  condition  of  stagnation  return.  This  was  also 
predicted,^  and  our  observations  of  1909-10  show  clearly  that  the  prediction  was  correct, 
for  all  of  the  advancing  glaciers  of  1906  had  returned  to  stagnation  in  1909,  and  the  break- 
ing of  the  ice  had  been  so  healed  by  ablation  that  we  were  once  more  able  to  travel  over 
the  glaciers,  though  with  far  less  ease  than  in  1905. 

It  is  believed  that  the  observations  of  1909  add  the  further  facts  necessary  to  demon- 
strate the  hypothesis  put  forward  in  1906,  and  that  we  are  now  warranted  in  stating  the 
explanation  with  confidence,  as  an  established  hypothesis, — ^a  new  cause  for  glacier  ad- 
vance. The  sudden  forward  rush  of  a  glacier,  accompanied  by  pronounced  thickening 
and  extensive  surface  breakage,  may  be  called  a  glacier  flood  and  the  resemblance  to  a 
river  flood  is  noteworthy.  When  heavy  rainfall,  or  imusual  melting  of  snow  occurs  in 
the  upper  reaches  of  a  river,  a  wave  of  rising,  rapidly  down-moving  water  is  started  which 
may  cause  a  flood  all  along  the  course,  and  if  a  portion  of  the  river  is  ice  covered,  the 
rigid  ice  crust  will  be  shattered  and  heaved  into  a  maze  of  broken  ice  blocks;  but  under 
ordinary  conditions  the  river  behaves  more  normally,  slowly  rising  and  falling  with 
variation  in  supply.  So  in  a  glacier,  under  ordinary  conditions,  variations  in  supply 
manifest  themselves  in  moderate  advance  or  recession;  but  when  a  deluge  of  snow 
and  ice  is  thrown  down  in  its  upper  reaches  the  condition  for  a  spectacular  advance, 
a  glacier  flood,  are  introduced.  The  ice  stream  flows  on  more  rapidly,  its  rigid  upper 
and  marginal  portions  are  cracked  and  broken,  its  surface  rises,  and  its  front  is  pushed 
forward.  There  is,  however,  a  striking  difference  in  time  occupied  by  the  two  classes 
of  floods.  A  river  flood  passes  from  the  source  to  the  mouth  of  the  river  in  a  few 
hours  or  a  few  days,  and  its  effects  are  soon  past;  but  the  far  less  mobile  ice  requires 
several  years  for  the  transmission  of  the  glacier  flood,  and  its  duration  is  months  long, 
while  years  are  required  to  bring  the  ice  surface  back  to  its  pre-flood  state.  There  is 
a  striking  difference,  also,  in  the  mode  of  motion,  for  the  mobile  river  water  itself 
traveb  down  stream  to  form  the  flood  while  in  the  glacier  flood  the  advance  and 
breaking  of  the  mass  is  due  to  the  passage  of  a  wave,  not  to  actual  bodily  transfer  of 
ice  from  glacier  reservoir  to  terminus. 

With  these  facts  in  mind  it  is  quite  proper  to  predict  the  advance  of  other  and  longer 
^aciers  in  the  Yakutat  Bay  region  as  a  result  of  avalanching  during  the  1899  earthquakes. 
The  oscillations  of  other  Alaskan  glaciers,  for  which  there  is  no  known  climatic  warrant, 
may  be  due  to  other  earthquakes.  Earthquake  avalanching  may  even  be  responsible 
for  oscillations  of  mountain  glaciers  in  other  regions,  as  for  example  in  the  Himalayas 
and  other  youthful,  snow-capped  mountains  still  frequently  faulted  and  shaken  by  seis- 
mic disturbances. 

iTur.  B.  S.»  Tlie  Yakutot  Bay  Region,  Aladca,  ProfeflBional  Fkper  94,  U.  S.  Geol.  Survey,  1909,  p.  94. 
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With  this  general  view  of  the  glaciers  of  the  Yakutat  Bay  region  as  a  preliminary  basis 
for  understanding  their  main  characteristics  and  their  behavior  since  first  studied  by  Rus- 
sell in  1890  and  1891,  we  will  proceed  to  the  study  of  the  individual  glaciers,  and  then, 
upon  this  basis,  to  a  consideration  of  the  features  of  general  interest  and  their  interpre- 
tation, including  their  bearing  upon  the  interpretation  of  the  Pleistocene  drift  phenomena 
of  North  America  and  Europe.  In  this  study  free  use  will  be  made  of  the  results  of  pre- 
vious work,  as  well  as  of  the  new  observations  of  1909  and  1910,  the  purpose  being  to  set 
forth  the  phenomena  of  glaciation  in  this  region  in  the  light  of  a  series  of  investigations 
each  of  which  has  added  something  to  a  story  of  glacier  condition  and  behavior  of 
more  than  ordinary  interest,  and  of  quite  unusual  character. 


CHAPTER  III 

THE  MALASPINA  GLACIER  AND  ITS  TRIBUTARIES 


The  Malaspina  Glacieb 

General  Description,  From  snow-covered  Mount  St.  Elias  and  Mount  Logan,  18,000 
and  19,500  feet  high,  and  from  the  10,000  to  16,000  foot  mountains  to  the  east  and 
west  a  multitude  of  glaciers  descend,  the  six  largest  of  which  named  from  west  to  east» 
are  the  Guyot,  Tyndall,  Agassiz,  Seward,  Marvine,  and  Hayden.  These  glaciers,  fed 
by  many  tributaries,  have  their  sources  far  back  among  the  mountains  and  their  upper 
portions  are  unknown. 

Where  they  emerge  from  their  mountain  valleys  they  are  broad  ice  streams,  ranking 
among  the  largest  of  the  Alaskan  vaUey  glaciers.  The  great  volume  of  ice  which  flows 
oat  of  these  valleys  suffices  to  build  the  broad  ice  plateau  (Fl.  VII)  which  skirts  the 
mountain  base  from  Yakutat  Bay  to  Robinson  Hills,  which,  according  to  Russell,  has 
an  area  of  about  1500  square  miles,  more  than  the  area  of  the  state  of  Rhode  Island, 
and  far  the  largest  glacier  in  America,  or,  for  that  matter,  in  all  the  world,  excepting 
only  in  the  polar  regions. 

The  single  glaciers  lose  their  individuality  at  the  mountain  base,  where  they  all  coalesce 
tofomi  the  continuous  ice  plateau;  but  they  nevertheless  maintain  an  appreciable  in- 
fiuence  on  the  Malaspina  Glacier  even  to  its  outer  margin.  Because  of  this  influence 
tbe  ice  plateau  really  consists  of  more  or  less  pronounced  lobes  with  boundaries  sometimes 
mariced  by  medial  moraines,  and  with  a  moderately  lobate  front.  Tyndall  and  Guyot 
Glaciers,  deflected  by  the  Chaix  Hills,  a  south-extending  spur  of  Mt.  St.  Elias,  appear  to 
unite  to  form  a  pronounced  lobe  on  the  western  margin,  where  the  ice  formerly  crowded 
out  into  the  sea  and  was  terminated  by  a  magnificent  cliflf  from  which  icebergs  were 
discharged  into  the  open  Pacific.  From  all  the  photographs  and  descriptions  which  we 
have  been  able  to  obtain  from  publications  of  explorers  and  from  conversation  with 
prospectors  this  western,  or  Guyot,  lobe  of  the  Malaspina  diflFers  from  the  eastern 
portion  of  the  glacier  in  maintaining  a  generally  crevassed  condition  from  the  mountain 
Iwise  to  the  sea.  It  is  said  to  present  an  insurmountable  barrier  to  travel,  and  it  is  the 
common  belief  of  prospectors  in  this  region,  that  the  Malaspina  Glacier  is  absolutely  in- 
accessible from  the  west.  It  is  certain  that  no  one  has  yet  crossed  it.  The  Tyndall 
Glacier  was  easily  traversed  by  the  Schwatka  and  Topham  parties  in  1886  and  1888  but 
uo  attempt  was  made  to  cross  the  Guyot. 

The  Agassiz  lobe,  next  east  of  the  Guyot,  fed  by  Libbey  and  Agassiz  Glaciers,  is  a  well 
defined  lobe,  bordered  by  moraines  on  both  the  eastern  and  western  margins,  and  faced 
l>y  a  broad  tract  of  stagnant  and  semi-stagnant  ice  bearing  an  extensive  waste  of  abla- 
tion moraine,  and  on  its  outer  edge  supporting  a  forest  of  spruce  and  cottonwood.  Around 
^c  periphery  of  this  lobe  there  is  the  greatest  development  of  ablation  moraine,  and 
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apparently  the  broadest  area  of  stagnation.  Here  too»  we  find  the  ice  front  farthest 
from  the  sea,  and  with  the  broadest  fringe  of  outwash  gravels;  and  it  is  from  the  western 
margin  of  the  lobe  at  its  junction  with  the  Guyot  lobe,  that  the  Yahtse  River  emerges, 
one  of  the  largest  glacial  streams  that  pour  out  from  the  Malaspina  front. 

Adjoining  the  Agassiz  lobe  on  the  east  is  the  Seward  lobe,  which,  so  far  as  our  present 
knowledge  permits  us  to  judge,  is  the  largest  of  the  Malaspina  lobes.  Certainly  no  other 
exceeds  it  in  size  excepting  possibly  the  Guyot,  about  whose  extent  and  characteristics 
little  is  known.  On  the  western  side  and  front  it  is  fringed  completely  by  a  border  of 
ablation  moraine,  but  on  the  eastern  side  it  is  not  definitely  separated  from  the  Marvine 
lobe.  It  is  in  the  Seward  lobe  that  the  Malaspina  Glacier  extends  farthest  from  the 
mountains,  reaching  the  ocean  at  Sitkagi  Bluffs,  but  not  discharging  icebergs.  At  this 
point  there  is  a  low,  moraine-covered  cliff  against  whose  base  the  waves  of  the  Pacific 
Ocean  break  (PL  IX,  A). 

The  easternmost  lobe  of  the  Malaspina  Glacier  is  that  dominated  by  the  Marvine  Gla- 
cier. It  is  far  less  pronounced  than  the  others,  and,  as  already  stated,  the  boimdary  b^ 
tween  it  and  the  Seward  lobe  is  not  marked  by  any  line  of  moraine.  Since  Seward  Glacier 
is  much  larger  than  Marvine  it  might  be  inferred  that  the  Seward  lobe  would  crowd 
eastward  to  the  shores  of  Yakutat  Bay,  and  possibly  it  does  so  under  normal  conditions; 
but  in  1906y  when  Marvine  Glacier  was  advancing,  the  ice  broken  by  the  advance  ex- 
tended along  the  entire  shore  of  Yakutat  Bay  almost  to  Point  Manby.  It  is  quite  prob- 
able, however,  that  the  western  portion  of  the  broken  ice  was  really  a  part  of  the  Seward 
lobe  temporarily  affected  by  the  forward  thrust  of  the  Marvine  ice.  On  its  eastern  side 
the  Marvine  lobe  spreads  out  nearly  to  Yakutat  Bay  and  to  the  Kwik  River.  It  is 
enabled  to  spread  out  in  that  direction  because  of  the  absence  of  any  obstacle;  but  toward 
the  west  it  competes  with  the  Seward  lobe  for  an  opportunity  to  spread  out  as  a  piedmont 
bulb.  Really,  therefore,  the  Seward  and  Marvine  Glaciers  combine  to  form  one  broad 
lobe,  each  glacier  dominating  one  side  of  the  lobe  and  at  the  contact  so  merging  into  one 
another  that  the  line  of  division  is  not  recognizable.  The  Marvine  or  eastern  portion 
of  this  lobe  is  fringed  by  a  narrower  border  of  ablation  moraine  than  common,  and  its 
front  is  separated  from  Yakutat  Bay  by  only  a  narrow  fringe  of  outwash  gravel.  The 
extreme  eastern  margin  of  the  lobe,  which  forms  the  western  border  of  the  Kwik  River 
valley,  was,  up  to  1006,  in  such  a  stagnant  condition  that  it  was  covered  by  a  thick  abla- 
tion moraine  in  which  grew  a  spruce,  cottonwood,  and  alder  forest.  This  stagnant  part 
represented  that  portion  of  the  lobe  that  spread  farthest  east  and  was,  therefore,  least 
under  the  influence  of  the  supply  of  ice  which  the  Marvine  Glacier  contributes  to  make  the 
lobe.  The  entire  eastern  margin,  nearly  to  the  mountain  base,  is  covered  with  abla- 
tion moraine. 

The  Hayden  Glacier,  imlike  the  other  tributaries,  forms  no  great  lobe,  in  this  respect 
resembling  many  smaller  glaciers  that  unite  with  the  Malaspina.  It  joins  the  ice  plateau, 
athwart  the  current  of  the  Marvine,  and  almost  at  right  angles  to  it.  At  Blossom  Island 
the  Hayden  Glacier  coalesces  with  the  Marvine  lobe  of  the  Malaspina  and  prior  to  1906 
the  drainage  of  the  Blossom  Island  region  escaped  through  a  subglacial  tunnel  at  this 
point;  but  the  advance  of  Marvine  Glacier  in  1906  closed  this  tunnel  and  the  drainage 
found  a  new  outlet  farther  up  the  margin  of  the  Hayden  Glacier. 

In  1905  it  was  not  possible  to  say  i;^here  the  Marvine  ice  and  Hayden  Glacier  joined, 
both  being  stagnant.    In  1906  the  contact  between  the  Hayden  and  Malaspina  Glader 
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was  clearly  indicated,  from  Blossom  Island  southeastward,  by  the  crevassed  ice  of  the 
Marvine  lobe,  and  it  was  evident  that  the  Hayden  Glacier  contributed  little  to  the  ice 
supply  of  the  Malaspina.  On  emerging  from  its  mountain  vaUey  the  Hayden  Glacier 
q>reads  out,  and  in  1906  its  crescentic  outer  boundary  was  shown  with  almost  diagram- 
matic deamess  by  the  change  in  condition  between  the  smooth  surface  of  the  ice  con- 
tributed by  the  Hayden  and  the  broken,  crevassed  ice  of  the  Marvine  lobe.  Besides 
pushing  out  into  the  Malaspina,  the  current  of  the  Hayden  ice  is  deflected  southeast- 
wards  along  the  western  base  of  the  Floral  Hills,  giving  rise  to  a  narrow,  wedge-shaped 
area  which  in  1906  was  imcrevassed,  in  striking  contrast  to  the  ice  of  the  Malaspina  to 
the  west  and  south  of  it.  The  Kwik  River  emei^es  from  its  subglacial  tunnel  at  the 
point  of  contact  between  the  Hayden  wedge  and  the  Marvine  lobe. 

We  have  no  definite  knowledge  of  the  rate  of  motion  of  any  part  of  the  Malaspina  Glacier 
but  from  Russell's  description,  and  from  our  briefer  study  of  it  we  are  confident  that 
tkere  is  great  difference  in  rate  of  motion  in  different  parts.    In  the  crevassed  Guyot  lobe 
tkere  must  be  rapid  movement  down  to  the  sea;  and  that  there  is  rapid  motion  where  the 
great  vaUey  glaciers  emerge  from  their  moimtain  vaUeys  is  indicated  by  the  crevassing 
there,  as  shown  by  the  Abruzzi  photographs  of  the  debouchure  of  Seward  Glacier,  by 
the  enormous  ice  plateau  which  they  supply  and  maintain,  and  by  areas  of  crevassing 
m  the  valley  portions  of  the  tributary  glaciers.    From  these  extremes  there  is  every  gra- 
dation in  rate  of  motion  to  complete  stagnation  in  interlobate  areas  and  in  those  por- 
tkms  of  lobes  where  the  ice  has  spread  out  farthest;  but  throughout  the  greater  part  of 
the  ice  plateau  there  must  be  some  motion  in  order  to  keep  up  the  supply.    That  this 
motion  is  not  rapid,  however,  is  indicated  by  the  general  absence  of  extensive  crevassing. 
In  general  the  surface  of  the  Malaspina  Glacier  during  the  period  of  observation,  up  to 
1906,  was  smooth  and  slightly  broken.    There  were  of  coiurse  some  cracks,  and  some 
areas  of  crevassing,  there  were  moulins,  and  there  was  roughness  due  to  differential  abla- 
tion; but  that  there  was  a  condition  of  general  smoothness,  as  glaciers  go,  is  indicated 
by  the  successsf ul  use  of  the  Malaspina  Glacier  as  a  highway  of  travel  and  transportation 
o(  supplies,  partly  by  sledges,  by  aU  the  mountain-climbing  expeditions,  over  several 
roates. 

hi  winter  the  entire  surface  of  the  glacier  is  buried  beneath  a  thick  blanket  of  snow, 
and  from  much  of  its  surface  this  is  melted  off  by  the  first  of  August,  but  patches  remain 
in  protected  places  throughout  the  summer.  The  snow  line  on  the  Hayden  Glacier, 
according  to  Russell,  lies  at  an  elevation  of  £500  feet,  which  brings  it  well  up  in  the  moun- 
tam  valley  tributaries  of  the  glacier.  This  agrees  with  our  observations  of  1905  when  the 
snow  line  was  above  Floral  Pass  late  in  August,  and  in  1906,  when  we  found  the  snow  line 
just  below  Floral  Pass,  in  July.  In  1905  its  elevation  was  above  1500  feet  at  least,  but 
in  1906,  owing  to  an  accident  to  our  barometers,  we  were  unable  to  determine  its  elevation. 
While  some  of  the  higher  parts  of  the  Malaspina  Glacier  may  rise  above  snow  line,  es- 
pecially near  the  mountains,  most  of  its  ice  surface  is  exposed  to  melting  during  a  part 
of  the  simmier.  In  the  lower,  outer  portions,  the  sununer  ablation  continues  through 
several  months,  but  on  the  higher  portions,  near  the  mountains,  the  period  of  ablation 
is  very  brief.  Observations  on  Hayden  Glacier  between  Floral  Hills  and  Blossom  Island, 
in  late  July,  1906,  showed  a  rate  of  ablation  of  about  4  inches  a  day  and  at  this  point  the 
water  on  the  ice  froze  as  soon  as  the  sim  sank  low  in  the  western  heavens.  The  rate  and 
extent  of  ablation  on  this  glacier  is  so  great  that  unless  it  were  in  motion  throughout 
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most  of  its  area  it  could  not  maintain  its  size  and  form.  Back  of  the  fringe  of  ablation 
moraine,  which  checks  ablation,  there  would,  of  necessity,  be  a  depressed  area  due  to 
wasting  away  of  the  clear  ice  unless  new  supplies  were  being  constantly  added. 

The  surface  of  the  M alaspina  Glacier,  is,  in  general,  a  vast  expanse  of  clean  ioe 
(PL  IX.  B) ;  but  the  monotony  of  the  waste  of  ice  is  relieved  by  areas  of  moraine, 
especially  prominent  in  two  positions,  as  ablation  moraine  around  the  periphery 
(PI.  X,  A)  and  as  medial  moraines  between  lobes.  The  latter  areas  represent  lateral 
moraines  of  the  glaciers  forming  the  lobes,  brought  in  relief  by  ablation.  The  former, 
consisting  mainly  of  material  incorporated  in  the  ice  in  the  mountain  valleys  and  the 
glacier  reservoirs,  is  concentrated  at  the  surface  in  broad  tracts,  and  in  places  to  con- 
siderable depth,  by  the  ablation  of  the  ice  through  which  the  debris  was  scattered* 
Possibly  some  of  this  peripheral  moraine  is  supplied  by  uprising  bottom  layers,  but  of 
this  we  have  no  evidence.  A  third  class  of  moraine,  more  difficult  to  understand,  is 
long,  sinuous  lines  of  scroll-like  moraine,  forming  a  black  tracing  in  the  expanse  of 
clear  white  ice.  Russell  suggested  as  explanation  of  such  moraines  some  unknown 
variations  in  ice  currents  and  this  is  possibly  a  correct  interpretation  though  it  is 
difficult  to  conceive  the  process.  Another  hypothesis  suggests  itself  to  us,  namely, 
that  these  sinuous  moraines  may,  in  part  at  least,  represent  avalanche  falls  upon  the 
upper  glaciers,  spread  out  in  lines  by  the  currents  of  the  ice.  We  have  seen  them  only 
from  a  distance,  but  they  are  most  striking  phenomena,  resembling  the  lines  of  foam 
that  develop  in  a  swirling  river  current. 

The  periphery  of  the  Malaspina  Glacier  is  for  the  most  part  skirted  by  a  fringe  of  al- 
luvial fan  deposits,  crossed  by  a  multitude  of  streams  of  which  the  largest,  all  raging  tor- 
rents, are  the  Kwik,  Kame,  Osar,  Manby,  Yahna,  Fountain,  and  Yahtse  (PI.  VIII).  All, 
burdened  with  vast  quantities  of  clay,  sand,  and  gravel,  are  depositing  rapidly  in  the  sea 
and  thus  extending  the  area  of  the  fringe,  and,  by  deposit  in  their  beds,  being  forced  to 
divide  and  subdivide,  and  constantly  shift  their  courses,  are  raising  the  surface  of  the 
alluvial  fringe.  Where  the  streams  cross  the  narrow  strip  of  outwash  gravel  plain  the 
rapid  deposit  by  the  ever-shifting  branches  prevents  the  growth  of  vegetation  and,  there- 
fore, gives  rise  to  barren  alluvial  fans;  but  in  those  portions  where  only  small  streams 
flow  there  is  a  growth  of  vegetation,  in  places  spruce  and  hemlock  forest,  elsewhere  cotton- 
wood,  or  only  alder  and  willow.  Because  of  the  fact  that  the  plain  lies  near  sea  level, 
while  the  ice  immediately  back  of  it  is  so  covered  by  moraine  that  it  has  little  e£Pect  on 
the  climate,  the  forest  here  grows  as  luxuriantly  as  elsewhere  on  this  part  of  the  Alaskan 
coast  wherever  the  absence  of  glacial  streams  gives  sufficient  freedom  from  destructive 
inundation.  This  forest  grows  not  only  in  front  of  the  glacier,  but,  wherever  there  is  a 
sufficient  degree  of  stagnation  of  the  ice  to  permit  the  growth  of  trees  without  the  under- 
mining action  of  a  slumping  soil,  it  encroaches  on  the  glacier  itself  (PL  X,  B).  This  is 
not  a  general  condition  around  the  whole  margin  of  the  Malaspina  but  is  confined  to  two 
limited  regions  of  exceptional  stagnation, — along  and  near  the  Kwik  River,  and  in 
the  neighborhood  of  the  Yahtse  River. 

Malaspina  Glacier  is  interesting  in  itself  as  a  perfect  type  of  a  kind  of  glacier  not  recog- 
nized until  Russell  described  its  characteristics.  It  has  an  even  wider  interest  from  the 
fact  that  it  is  an  existing  example  of  a  type  which  in  former  times  must  have  been  far 
more  extensive.  During  the  period  of  former  expansion  of  Alaskan  glaciers  it  was  dupli- 
cated in  many  places  along  the  Alaskan  coast.    The  piedmont  type  of  glacier  was  repre- 
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rented  in  former  times  in  many  parts  of  the  Rocky»  Cascade  and  Coast  Ranges  of  western 

United  States  and  Canada  when  glaciers  flowed  down  these  mountain  valleys  to  the 

base.    The  type  may  very  well  have  appeared  in  Norway  and  Great  Britain  as  the  ice 

sheets  of  the  Glacial  Period  advanced  from  the  highlands,  and  again  as  the  waning  ice 

sheets  shrank  back  toward  the  highland  areas.     In  the  Alps,  too,  conditions  favoring 

the  development  of  piedmont  glaciers  appeared.    Indeed,  wherever  mountain  glaciers 

passed  beyond  their  mountain  valleys  out  upon  level  land,  expanded  piedmont  bulbs 

must  have  formed,  as  in  the  valleys  of  the  Italian  lakes  south  of  the  Alps;  and  where 

two  or  more  such  bulbs  coalesced  piedmont  glaciers  resulted,  as  upon  the  plateau  north 

of  the  Alps.     For  the  interpretation  of  the  evidence  of  such  former  piedmont  glaciers 

the  study  of  the  conditions  on  and  around  the  Malaspina  Glacier  throw  much  light.    The 

resemblance  of  those  piedmont  glaciers  which  have  vanished  to  those  which  still  exist 

in  Alaska  in  the  main  features,  both  of  form  and  deposits,  must  have  been  great,  for  in 

both  cases  the  conditions  of  supply  are  similar,  and  in  both  cases  the  conditions  of 

wastage  in  a  cool  temperate  climate  are  alike. 

Early  Observations  on  the  Malasjnna.  The  early  explorers  of  the  eighteenth  century 
seem  to  have  recognized  the  glacial  character  of  this  great  ice  mass,  for  Vancouver,  in 
describing  Icy  Bay  in  1794,^  says  he  saw  a  "high  abrupt  cli£Fy  point  forming  the  west 
pomt  of  a  bay,  bounded  by  a  solid  body  of  ice  or  frozen  snow."  Tebenkof's  Ipy  Bay 
duurt  of  1848  (Fig.  l),  based  upon  the  log  books  of  several  Russian  explorers  sent  out 
in  1788  and  from  1793  to  1807,  shows  eight  miles  of  glacier  fronting  on  Icy  Bay  behind 
^di  is  a  surface  supporting  trees.*  Belcher  in  1837  '  says  that  "the  whole  of  this  bay 
and  the  valley  above  it  was  now  found  to  be  composed  of  (apparently)  snow  ice  about 
tUrty  feet  in  height  at  the  water  cliff.  .  .  .  The  small  bergs  or  reft  masses  of  ice, 
{onning  the  cliffy  outlines  of  the  bay,  were  veined  and  variegated  by  mud  streaks  like 
marble,  and  where  they  have  been  exposed  to  the  sea  were  excavated  into  arches,  etc., 
ainular  to  our  chalk  formations.  ...  In  Icy  Bay  the  apparently  descending  ice 
irom  the  mountains  to  the  base  was  in  irregular  broken  masses."  Vancouver  also  said, 
"As  the  vessel  advanced  along  the  coast  from  Point  Riou  the  country  became  less  woody, 
and  beyond  the  low,  projecting  point  it  seemed  only  to  produce  a  brownish  vegetation, 
whidi  further  to  the  eastward  entirely  disappeared,  and  presented  a  naked,  barren 
country,  composed  apparently  of  loose  unconnected  stones  of  different  magnitudes." 
Tebenkof  described  the  low  country  between  Mt.  St.  Elias  and  the  sea  as  a  forest-covered 
tundra  where  "through  cracks  in  the  gravelly  soil,  ice  could  be  seen  beneath." 

Possible  Great  Advance  of  the  Malaspina,  These  statements,  some  of  which  have  been 
quoted  previously  by  Russell  *  and  by  Davidson,^  assign  to  the  Malaspina  Glacier  such 
<fifferent  conditions  from  those  observed  since  1890  that  one  is  led  to  question  whether 
the  difference  can  be  entirely  due  to  failure  of  observation.  A  possible  explanation  of 
the  difference  may  be  that  before  1794  Malaspina  Glacier  had  undergone  a  long  period 
of  stagnation  and  recession  resulting  in  the  ablation-moraine  surface  of  "naked  barren 

*  Vancouver,  Capt.  George,  Voyage  of  Discovery,  Vol,  V,  1801,  pp.  S49,  351. 

'Tebenkof,  Capt.  Michael,  Hydrographic  Atlas  and  Observations,  with  48  charts.     St.  Petersburg,  1848 
ttd 1852. 
'Bddicr,  Capt.  Sir  Edward,  Narrative  of  a  Voyage  Round  the  World,  London,  1843,  Vol.  I,  pp.  79-80. 
♦Ruasell.  I.  C,  Nat.  Geog.  Mag.,  Vol.  HI,  1891,  pp.  66-70. 

*  Davidson,  George,  The  Glaciers  of  Alaska  that  are  Shown  on  Russian  Charts  or  Mentioned  in  Older  Narra- 
tJVtt,  Trans,  and  Proc.  Geog.  Soc.  Pacific,  Vol.  Ill,  1904,  pp.  43-47,  and  Map  VI. 
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country"  with  "loose  unconnected  stones"  and  ice  beneath  cracks  in  the  gravdlr  soil 
observed  by  Vancouver  and  the  Rus^ans,  vith  trees  growing  in  it  where  the  crevassed 
Guyot  Glacier  is  now  unencumbered,  with  the  shore-line  east  of  the  Yahtae  River  aliowil 
on  the  1788-1807  chart  markedly  different  from  that  of  Russell  in  1891,  and  with  the 
deep  re-entrant  of  the  Icy  Bay  of  Vancouver,  Belcher,  and  Tebenkof.  Subsequently 
there  may  have  been  an  advance  of  Malaspina  Glacier  front,  notably  altering  the  omdi- 
tions.  This  advance  would  probably  be  shortly  after  1837,  as  the  surface  was  not  ^>- 
parently  much  crevassed  when  seen  by  Dall  and  Baker  in  1880,  by  Schwatka  in  1886, 
and  Topham  in  1888,  and  trees  had  grown  to  good  size  before  Russell's  visit  in  18&1, 
Russell  neither  mentions  nor  shows  photographs  of  any  trees  on  the  west  or  central  part 


of  Malaspina  Glacier  old  enough  to  disprove  this  interpretation,    Davidson  sagt 
that  Malaspina  Glacier  has  crowded  its  way  seaward  obliterating  the  old  Icy  Bay.' 

The  most  specific  evidence  in  connection  with  this  interpretation,  with  which  we  agrees 
and  not  discussed  by  Davidson,  is  found  in  a  map,  and  a  native  legend.  Among  th>J 
maps  showing  Icy  Bay,  we  refer  to  that  from  Tebenkof  s  Atlas  (reproduced  here  as  ¥is 
1).    The  native  legend  is  one  quoted  in  Topham. 

The  map  shows  a  very  definite  Icy  Bay  five  miles  wide  at  the  mouth,  extending  nortl^ 
ward  six  to  eight  miles  and  apparently  about  on  the  site  of  the  present  Yahtae  Riv^^ 
Within  it  are  soundings  of  5,  12  and  15  fathoms  where  only  a  delta  existed  at  the  tii^= 
of  Schwatka's,  Topham's,  and  Russell's  visits  in  1886,  1888,  and  1891,  as  their  ma^ 
show.  Tebenkof's  chart  also  shows  a  pronounced  cape  just  east  of  Icy  Bay,  Shoal  Poi^ 
(the  Ft.  Riou  of  Vancouver),  behind  which  is  a  good  sized  lake  or  lagoon.  Shoal  Pf   - 

<  (^.  dt,  p.  45. 
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whidi  no  longer  exists.    The  shoie-Iine  eastward  to  Yakutat  Bay  is  also  very  different 
from  the  present  coast. 

Riissdl  explained  the  absence  of  Icy  Bay  by  supposing  that  it  had  been  filled  by  the 
j^Uuaal  streams  and  that  its  site  is  the  present  delta  of  the  Yahtse  River.^    That  this 
inteipretation  is  erroneous,  and  that  Icy  Bay  was  destroyed  by  glacial  advance  is  indi- 
cated by  the  testimony  of  Yakutat  natives.    H.  W.  Topham  was  told  in  1888  by  George, 
second  chief  of  the  Yakutats,  of  this  advance.    He  says:'  "There  is  a  tradition  amongst 
his  people,  that  formerly  there  was  a  large  bay  running  up  from  the  sea  to  the  very  foot 
d  St.  Elias;  that  there  was  a  village  at  the  head  of  that  bay;  that  all  around  the  village 
was  swampy  or  muddy  (Yahts^)  groimd;  that  the  mountain  was,  therefore,  called 
Yahts^tah-shah,  tah  meaning  harbor,  and  shah  meaning  peak;  that  a  river  flowed  into 
the  bay  from  the  northwest,  where  were  large  glaciers;  that  the  east  of  the  bay  was  all 
ice,  but  the  west,  sand  and  trees;  that  at  the  mouth  of  the  bay  dwelt  some  Indians, 
and  that  one  day  an  Indian  came  rushing  home  crying  'Quick,  quick,  the  ice  is  coming,* 
pointing  to  the  river  down  which  the  ice  was  seen  to  be  rapidly  advancing.    The  Indians 
escaped  along  the  ^ore.    The  ice  came  on  right  across  the  bay,  till  it  struck  the  opposite 
duffe,  when  it  turned  and  contiaued  down  the  bay  to  the  sea,  swallowing  the  village  iu 
its  course." 

Hie  description  of  the  bay  at  the  very  foot  of  Mt.  St.  Elias,  with  the  river  coming  in 
on  the  northwest,  agrees  with  the  Tebenkof  map,  except  that  the  west  side  had  the  glacier 
and  the  east  side  sand,  swamp,  and  trees  according  to  the  map,  but  Mr.  Topham  may  very 
vdl  have  misunderstood  the  natives  about  this,  or  the  native  story  may  have  been  in 
<RDr.    Native  testimony  and  native  legends  are  not  very  trustworthy  bases  for  scientific 
conclusions;  but  iu  this  case  there  is  some  reason  for  believing  iu  the  general  accuracy 
cf  the  story,  for  it  is  in  harmony  with  the  map  which  we  have  reproduced.    While,  there- 
lore,  we  cannot  consider  it  demonstrated,  we  believe  it  possible  and  even  probable  that 
ciriy  in  the  nineteenth  century  the  front  of  Malaspina  Glacier  has  been  very  decidedly 
modified  by  pronounced  advance.  There  is  nothing  in  the  present  condition  of  vegetation 
in  the  region  that  disproves  such  an  advance  within  the  period  between  1837  when  Bel- 
cher"reached  into  Icy  Bay  "and"  tacked  in  ten  fathoms, mud,"'  and  1886  when  Schwatka, 
libbey,  and  Seton  Karr  found  no  Icy  Bay,  but  a  Malaspina  Glacier  25  mileswide between 
'Uie  south  end  of  Chaix  Hills  and  the  ocean.^    Indeed,  Seward  lobe  may  have  possibly 
'elt  the  impulse  of  advance  before  the  Agassiz  and  Guyot  lobes  and  have  advanced  before 
^fielcher's  visit,  for  he  mentions  that  the  small  islet  under  Pt.  Riou  shown  by  Vancouver 
'^as  no  longer  there.^    The  diameter  of  the  trees  on  the  ice  near  Pt.  Manby,  as  described 
^7  Russell,  suggest  that  the  advance  on  this  side  was  perhaps  before  1837.    The  advance 
'^as  pretty  surely  before  1874,  when  Dall  made  his  first  visit  to  Malaspina  Glacier  alluded 
^^  below,  but  as  he  did  not  visit  the  part  of  the  ice  front  near  Icy  Bay  this  cannot  be 
^iettled  positively. 

The  establishment  of  a  modem  advance  of  such  magnitude  just  west  of  Yakutat  Bay 

1  ISth  Annual  Rq[>ort,  U.  S.  Geol.  SurvQr,  1894,  p.  IS. 

*  Topham,  H.  W.,  A  ViBit  to  the  Gladen  of  Alaska  and  Mt.  St.  Elias,  Proc.  Roy.  Geog.  Soc.,  Vol.  XI,  1889, 


•  Op.  dU  Vol.  I,  1843.  p.  79. 

« Seton  Karr,  H.  W.,  Shores  and  Alps  of  Alaska,  London,  1887,  map  on  p.  87. 

•  Op.  dt.  Vol.  I,  1848,  p.  79. 
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would  be  very  important,  for  it  matches  the  latest  great  advance  in  Yakutat  Bay  and 
Russell  Fiord,^  which  we  have  tentatively  dated  as  not  much  over  a  century  ago»  but 
from  which  the  ice  has  now  retreated  15  to  25  miles,  as  will  be  described  in  a  later  chapter. 
That  Malaspina  Glacier  has  had  a  recent  great  advance,  though  of  a  date  which  cannot 
be  stated  exactly,  is  proved  by  the  forest  trees  incorporated  in  the  gravels  at  Blossom 
Island,  although  trees  are  growing  on  its  summit.  This  advance  may  have  occurred 
within  a  century,  and  it  may  be  indicated  by  the  evidence  above  stated;  but  we  cannot 
correlate  it  with  certainty. 

Later  Observations  on  the  Malaspina.  Between  May  21  and  26,  1874,  a  Coast  Sur- 
vey party  visited  Yakutat  Bay  and  made  a  determination  of  the  elevation  of  Mt. 
St.  EUas.^  At  this  season  the  entire  siuface  of  the  Malaspina  Glacier  was  so  covered 
with  snow  that  its  true  character  was  not  discovered;  but  in  June,  1880,  when  the  snow 
had  disappeared  from  the  lower  portions  of  the  glacier,  the  fact  that  it  was  a  low-lying 
ice  plateau  at  the  mountain  base  was  discovered  by  Dall  and  Baker  and  the  name  Mal- 
aspina was  given  to  it.'  It  was  then  stagnant  and  partly  covered  with  moraines  with 
some  vegetation  on  the  ice  near  Pt.  Manby.  In  the  next  decade  several  expeditions 
crossed  a  part  of  the  glacier  and  made  observations  upon  it,  though  the  main  object  of 
the  expeditions  was  the  ascent  of  Mt.  St.  Elias  rather  than  glacier  study.  These  were 
the  New  York  Times  Expedition  of  1886,  as  a  result  of  which  parts  of  Malaspina  Glacier 
were  briefly  described  by  Lieut.  Frederick  Schwatka,^  by  H.  W.  Seton  Karr,*  by 
Prof.  William  Libbey,  Jr.,^  and  the  Topham  Expedition  of  1888,  after  which  parts  of  the 
western  Malaspina  Glacier  and  its  tributaries  were  described  by  H.  W.  TophamJ  by 
George  Broke  ^  and  by  William  Williams.*  These  explorations,  however,  were  not  made 
in  that  part  of  the  Malaspina  Glacier  on  which  the  authors  of  this  book  have  made 
their  recent  observations. 

It  was  not  until  Prof.  I.  C.  Russell  made  his  first  expedition  to  Mt.  St.  Elias,  in  1890, 
that  the  remarkable  peculiarities  of  the  Malaspina  Glacier  were  made  known  ;^®  and  addi- 
tional observations  were  made  the  following  year  in  his  second  expedition.'^  On  these 
two  expeditions  Russell  crossed  all  the  tributaries  of  the  Malaspiua  between  Yakutat 
Bay  and  the  base  of  Mount  St.  Elias,  and  ascended  several  of  them;  he  traversed  the 
entire  outer  margin  of  the  Malaspina  from  the  Yahtse  to  Kwik  River;  he  crossed  the 

1  Tarr,  R.  S.  and  Martin,  Lawrence,  Bull.  Amer.  Geog.  Soc.,  Vol.  XXXVIII,  1900,  pp.  162-164;  Tarr.  R.  S., 
Professional  Paper  64,  U.  S.  Geol.  Survey,  1909,  pp.  1S4-187. 
« Dall,  W.  H..  Ann.  Rept.,  U.  S.  Coast  Survey  for  1875,  Appendix  10,  p.  157. 

>  Coast  Pilot,  Alaska,  Pt.  1,  Washington,  1883,  p.  212. 

« Schwatka.  F.,  New  York  Times,  Oct.  17, 1886;  The  Expedition  of  the  New  York  Times,  Centuiy  Magannr, 
Vol.  XLI,  1891,  pp.  865-872. 

•  Shores  and  Alps  of  Alaska,  London,  1887,  pp.  45-124;  Alpine  Regions  of  Alaska,  Proc.  Roy.  Geog.  Soc. 
Vol.  IX,  1887,  pp.  269-276. 

•  Some  of  the  Geographic  Features  of  Southeastern  Alaska,  Bull.  Amer.  Geog.  Soc.,  Vol.  XVUi»  1886»  pp. 
279-SOO. 

7  A  Visit  to  the  Glaciers  of  Ahiska  and  Mt.  St.  Elias,  Proc.  Roy.  Geog.  Soc.,  Vol.  XI,  1889,  pp.  424-4SS:  An 
Expedition  to  Mt.  St  Elias,  Alpine  Journal,  Vol.  XIV,  1889,  pp.  S45-S71. 

>  With  Stock  and  Sack  in  Alaska,  London,  1891,  pp.  87-121. 

•  Climbing  Mt.  St.  Elias,  Scribner's  Magazine,  Vol.  V,  1889,  p.  387-40S. 

10  Russell,  I.  C,  An  Expedition  to  Mount  St.  Elias,  Alaska,  Nat.  Geog.  Mag.,  Vol.  III.,  1801,  pp.  58-208; 
Twelfth  Ann.  Rept.,  U.  S.  Geol.  Survey,  Pt.  1, 1891,  pp.  59-61. 
n  Russell,  I.  C.»  Second  Expedition  to  Mount  St.  Elias,  Thirteenth  Ann.  Rept.,  U.  S.  Geol.  Survey,  Pt  2»  1892; 
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Racier  from  the  Yahtse  to  the  base  of  Mt.  St.  Elias;  and  he  made  several  excursions  out 
upon  the  ice  and  to  the  bordering  mountain  side.  From  this  comprehensive  study  he 
has  given  us  an  account  of  this  remarkable  ice  plateau  which  has  not  since  been  im- 
proved upon;  he  made  a  general  map  (PL  XI)  which  is  the  basis  for  all  others;  and 
lie  diowed  clearly  that  the  Malaspina  represented  a  hitherto  unrecognized  type  of 
glacier  to  which  he  gave  the  name  piedmont  glacier. 

In  1897  two  expeditions  started  from  Yakutat  Bay  with  the  object  of  ascending  Mount 
Si  Elias.  Both  crossed  the  Malaspina  Glacier  to  the  mountain  base,  using  the  glacier 
as  a  highway  of  travel  as  Russell  had  done.  One  of  these»  led  by  H.  C.  Bryant,  was  forced 
to  abandon  the  attempt  to  reach  the  summit  of  the  mountain,  and  unfortunately  no 
description  of  the  results  obtained  has  been  published.  The  other,  led  by  Prince  Luigi, 
Duke  of  the  Abruzzi,  succeeded  in  ascending  to  the  sunmiit  of  St.  Elias,  and  in  the  report 
of  the  expedition^  there  is  some  description  of  the  glacial  phenomena,  and  some  excellent 
photographs  by  Vittorio  Sella  are  published. 

Our  own  observations  of  Malaspina  Glacier  are  principally  upon  the  eastern  edge  where 
ire  traversed  portions  of  its  surface  and  some  of  its  tributaries  in  1905  and  1906,  examin- 
ing more  distant  parts  of  the  glacier  with  field  glasses  in  these  years  and  in  1909, 1910, 
1911  and  1913  and  seeing  parts  of  the  western  edge  from  the  ocean  in  1904  and  1910. 
For  the  sake  of  completeness,  however,  we  shall  review  the  conditions  in  the  whole 
Racier,  dealing  with  the  western  part  of  Malaspina  briefly,  except  where  we  present  fresh 
facts  and  discuss  new  interpretations  of  conditions  there  and  more  fully  with  the 
east»n  portions  where  personal  observations  enable  us  to  write  with  greater  confidence. 

GuYOT,  Ttndall,  Libbet,  Agassiz  and  Sewahd  Glacibbs 

The  western  tributaries  of  the  Malaspina  (shown  in  Fig.  2  and  PI.  XI)  have  been  ob- 
aoved  by  the  authors  of  this  book  only  from  a  distance.  No  recent  advances  of  these 
^ers,  similar  to  that  of  the  eastern  tributaries  of  the  Malaspina  described  in  this 
diapter,  are  known  to  have  taken  place.  As  the  western  glaciers  are  liable  to  future 
advances,  similar  to  that  of  Marvine  Glacier,  it  has  been  deemed  proper  to  describe 
their  history  so  far  as  it  is  known,  especially  as  we  are  able  to  call  attention  to  evi- 
dence of  older  advances,  not  previously  summarized. 

Guyot  Glacier  seems  to  have  been  severely  crevassed  from  rapid  normal  movement 
tliroughout  recent  times  and  there  are  no  known  changes  aside  from  the  possible  great 
advance  above  referred  to. 

Tyndall  Glacier  was  apparently  rather  inactive  in  1880-88,  more  active  and  crevassed 
in  1891,  and  perhaps  not  as  active  in  1897.  The  map  published  by  the  New  York  Times 
Expedition  ^  and  the  Topham  Expedition  *  indicate  that  Tyndall  Glacier  was  not  im- 
passably crevassed  in  1886  and  1888,  for  the  routes  of  these  parties  go  up  near  the  middle 
of  the  glacier.  A  photograph  from  the  Chaix  Hills,  taken  by  Russell  in  1891,  reproduced 
here  as  PL  XII,  A,  shows  such  severely  crevassed  ice  along  the  route  followed  three  years 
before  by  the  Topham  party  that  a  renewal  of  activity  between  1888  and  1891  is  thought 

i  Mppo  de  FQippi*  The  Ascent  of  Mount  St.  Ellas  by  H.  R.  H.  Prince  Luigi  Amedeo  di  Savoia,  Duke  of  the 
Abroszi,  London,  1900. 
*Seton  Karr»  H.  W.»  Shores  and  Alps  of  Alaska,  London,  1887,  map  on  p.  87. 
(See  Broke,  George,  With  Sack  and  Stock  in  Alaska,  London,  1891,  map  facing  p.  61. 
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possible.    Bryant's  photograph  of  T^dall  Glader  from  an  adjacent  peak  in  C 
Hills  in  1897  seems  to  show  much  less  tirevassing. 
A  rumor  in  Alaska  in  1909  that  a  long  narrow  bay  extending  many  miles  back  intt 


Fid.  2.    Tophak'b  M4F  or  ieb  Westkbn  Portion  or  Malabfima  Glaokb  d 


western  part  of  Malaspina  had  recently  formed,  suggested  that  Tyndall  and  Guyot  ' 
ciers  had  either  retreated  veiy  rapidly  by  the  floating  away  of  lai^  ice  masses  or 
advanced  notably  so  that  a  new  bay  was  formed  along  one  side  of  the  lobe.    Tbia 
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nmitigated  as  far  as  possible  in  1910  and  a  prospector,  Mr.  Joseph  Pelagrini  of  Yakutat, 
idio  had  recently  been  to  the  west  edge  of  Malaspina  Glacier,  informed  the  junior  author 
tbitasmall  cove  does  exist  in  the  ice  front  near  the  Robinson  Hills  but  that  it  is  much 
auOer  and  shallower  than  has  been  commonly  reported;  that  it  is  not  on  the  nte  of 
tbe  <M  Ice  Bay  but  west  of  Guyot  Glacier;  and  that  it  was  not  there  on  an  earlier  occa- 
■OD  irhen  he  visited  this  coast.  He  thou^t  it  had  been  formed  by  the  floating  out  of  an 
n  block. 

Li  May,  1911,  Mr.  C.  G.  Quillian,  commanding  the  United  States  Coast  and 
Geodetic  Surr^  steamer  McArthur  went  within  a  mile  of  the  western  edge  of  the 
Hsiaqaina  Glacier.  He  examined  the  new  Icy  Bay  at  its  western  margin.'  It  is  in 
nch  a  position  as  to  indicate  that  tbe  Guyot  lobe  of  Malaspina  Glacier  has  receded 
Kreial  miles.  The  latest  Coast  Survey  map  *  indicates  that  this  recession  of  Guyot 
Glader  is  about  9  miles,  but  Captain  Quillian's  estimate  of  the  distance  is  only  2}  to 
}}  nules.  The  discharging  face  of  the  glacier  witliin  the  bay  was  200  to  250  feet  high 
in  1011.  The  recession  which  formed  this  bay  surely  took  place  later  than  October  4, 
ItU,  when  the  junior  author  saw  Icy  Cape  from  a  steamer  close  inshore,  and  before 
1909. 

Agaasix  Glacier  and  its  tributary ,  the  Libbey  Glacier,  are  normal^  somewhat  crevassed 
in  their  mountain  valleys,  Libbey  less  than  Agassiz,  but  th^  outer  portions  and  exteu< 
KB  into  tbe  piedmont  Malaspina  plateau  were  stagnant  and  more  or  less  covered  with 
lUiticm  moraine  when  seen  by  Bryant  in  1897  (PL  XH,  B),  and  by  Russell  in  1891. 
k  view  of  this  inactivity  the  advance  of  the  border  of  Agassiz  lobe  on  the  edge  of 
Qnix  Hills  in  1886  is  worthy  of  notice.  Schwatka  states '  that  "at  one  point  of  the 
icefoot  the  glacier  had  shoved  down  into  the  timber,  crushing  into  pulp  and  splinters 
Inge  trees  five  and  six  feet  tn  diameter,  as  a  child  would  sweep  together  his  pile  of,  jack- 
rtim  with  his  hand."  Seton  Karr  *  locates  this  point  of  advance  on  February  23  and 
U,  1886,  on  an  "island"  south  of  the  end  of  Chaix  Hills,  one  of  their  camp  sites, 
"llus  island  was  bordered  on  one  side  by  the  glader,  which  was  gradually  advancing 
om  it,  crushing  up  tbe  tall  pines,  rending  them  into  matchwood,  and  heaping  one 
over  the  other — a  scene  of  gradual  destruction  by  a  resistless  force.  The  onset  of 
tbe  glacier  was  overriding  and  burying  the  patch  of  wood."  .  .  .  "Close  by,  over 
the  river  and  looming  through  the  smoke,  hung  frowning  cliffs  of  ice,  the  flank  of  the 
{jadeT'^ace  which  was  burying  our  island;  while,  as  if  to  add  an  additional  horror  to 
the  scene,  a  tree  crashed  down  at  that  moment,  overborne  by  the  weight  of  the  ad- 
Tandng  glacier."  It  is  not  explicitly  stated  by  Schwatka  and  Seton  Karr  but  it  seems 
dear  that  this  was  an  advance  of  Agassiz  rather  than  l^ndall  Glacier  because  of  the 
ttse  with  which  the  latter  was  traversed  by  the  party  during  the  next  few  days. 

Topham,  however,  describes  the  continuation  of  this  advance  specifically  in  connection 
»ilh  his  journey  up  the  east  side  of  Chaix  Hills  on  the  border  of  Agassiz  Lake,  in  1888.* 
llua  advance  seems  to  have  continued  for  at  least  two  years,  although  it  must  have 
Ixen  nearly  over  in  1888  when  they  were  able  to  travel  along  the  edge  of  the  ice.    He 

'hnooftl  DOiiunuiiication. 
■CWt  BOOK.  H&rch.  1912. 
■Cestuiy,  V<J.  XLI,  ISOl,  p.  869. 
'Op.at,pp.  01,  M. 
^      'Tifbuii.  W.  H,  Fioc.  Roy.  Geog.  Soc,  V<d.  XI,  1889,  p.  488, 
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says  '^the  Malaspina  Glacier  has  shrunk  away  from  the  hills,  and  has  left  a  mo- 
raine along  their  sides.  Nevertheless,  at  one  place,  at  an  angle  formed  by  a  spur 
of  the  hills,  the  glacier  is  pushing  up  against  the  side  of  the  hills  and  is  crushing  down 
the  scrub  trees  and  beautiful  flowers.  So  fast  is  it  doing  this,  that  branches  of  alder, 
partially  covered  with  stones  and  quite  alive,  are  peeping  forth  from  under  the  debris 
and  protesting  against  the  encroachment  of  the  ice.  This  debris  consists  for  the  most 
part,  not  of  stones  brought  along  upon  the  surface  of  the  ice,  but  of  an  old  moiainei 
which  is  being  overwhelmed  and  crushed.  I  believe  that  this  ice  is  sliding  and 
over  the  older  ice  below  so  that  it  can  have  little  or  no  effect  upon  the  Malaspina 
taken  as  a  whole.  There  are  no  signs  along  the  edge  of  the  latter  down  by  the  mouth 
of  the  Yahts^tah,  that  it  is  either  advancing  or  receding  There  are  no  piles  of  stones 
left  behind  to  indicate  its  retreat,  and  no  trees  crushed  down  to  ^ow  its  advances." 

The  upper  parts  of  Agassiz  and  Seward  Glaciers,  apparently  normally  crevassed 
because  of  more  rapid  movement,  have  been  vividly  described  by  Russell  and  by  Abnisa. 
Seward  Glacier  (PI.  XI),  perhaps  the  largest  valley  glacier  in  North  America,  with  its 
known  length  of  25  miles  and  unknown  extension  of  perhaps  25  miles  more,  its 
average  width  of  3  to  6  miles  and  its  scores  of  great  tributaries,  is  of  especial  interest 
as  it  is  the  largest  tributary  of  the  Malaspina. 

In  1890  Russell  described  the  Seward  Glacier  within  its  mountain  vall^  rather  fully,' 
making  measurements  of  its  rate  of  movement  which  seemed  to  be  about  20  feet  a  day  in 
the  central  part  of  the  ice  stream. 

Seven  years  later  the  Abruzzi  expedition  traversed  parts  of  Seward  Glacier,  taking 
many  splendid  photographs  which  will  be  of  value  for  detenmning  future  conditions 
in  Seward  Glacier,  and  noting  especially  ^  a  greater  amount  of  crevassing  than  in  1890. 
The  motion,  however,  was  apparently  slower  in  1897  than  the  rate  measured  by  Russdl 
for  Filippi  calls  attention  to  the  fact  that  "Mr.  Russell  and  his  fellow-explorer,  Mr. 
Kerr,  both  relate  how  seracs  frequently  crashed  down  with  such  force  as  to  shake  the 
ice  under  their  feet,  and  they  add  that  almost  incessant  reports  and  rumblings  were 
produced  by  the  rolling  and  shattering  of  the  fallen  rocks.  Nothing  of  the  kind  was 
observed  by  ourselves  during  the  days  we  spent  on  and  about  the  Seward.  The  glacier 
was  always  perfectly  quiet;  only  now  and  then  a  solitary  stone  would  come  down,  or  a 
fragment  of  s^rac  would  drop  into  a  crevasse  with  a  dull  thud."  A  possible  interpreta- 
tion of  the  greater  crevassing  but  slower  movement  in  1897  would  involve  a  period  of 
more  rapid  movement  just  beginmng  in  1890  (Russell  unfortunately  did  not  go  back  this 
way  in  1891),  but  which  had  ceased  before  1897,  although  the  glacier  was  still  severdy 
crevassed  the  latter  year  as  a  result  of  it. 

In  1911  Seward  Glacier  was  easily  crossed  near  Pinnacle  Pass  by  a  Boundary  Survey 
party.     Their  photographs  indicate  that  the  crevassing  was  about  the  same  as  in  1897* 

In  1891  Russell  observed  near  Point  Manby  e\n[dence  of  a  former  advance  of  the  Mala- 
spina border  due  to  earlier  renewal  of  activity  of  either  Seward  or  Marvine  lobe,*  "A 
recent  advance  of  the  glacier  had  cut  scores  of  spruce  trees  short  off  and  piled  them  in 
confused  heaps.  After  this  advance  the  ice  retreated,  leaving  the  surface  strewn  with 
an  irregular  sheet  of  boulders  and  stones.     .    .     .    The  glacier  during  its  advance 

» Nat  Geog.  Mag.,  Vol.  m,  1891,  pp.  177-180. 

*  The  Ascent  of  Mt  St.  Ellas,  London,  1900,  p.  111. 

•  ISth  Ann.  Rept.,  U.  S.  Geol.  Survey,  1894,  p.  OS. 
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plon^Md  up  a  ridge  of  fahie  clay  in  front  of  it     ...    thickly  charged  with  sea  sheik 
of  living  species." 

In  nuther  1905,  1806,  nor  1909,  did  ve  make  any  observations  on  Seward  Glacier  or 
the  Seward  lobe  of  the  Malaspina  Glacier  excepting  to  look  out  upon  it  from  elevated 
points  near  the  eastern  margin  of  the  Malaspina.  Even  such  views,  distant  though  they 
were,  were  sufficient  to  show  that  the  Seward  lobe  had  not  in  any  one  of  these  years 
Idt  the  impulse  of  a  forward  thrust  similar  to  that  which  swept  down  the  Marvine  lobe 
b  1906.  From  Blossom  Island,  in  1906,  an  area  of  crevasung  was  seen  near  the  point 
rikoe  Seward  Glacier  emerges  from  its  mountain  valley  which  was  thought  to  possibly 
tqiresent  the  beginning  of  an  advance,  for  one  of  the  1906  party,  Mr.  Alexander,  who 
ma  on  the  Abruzzi  Expedition  in  1897,  was  sure  that  the  crevassing  was  much  greater 
tke  latter  year  in  parts  of  the  glacier  sledged  over  by  him  nine  years  before.  So  far  as 
eoold  be  seen  ia  1909  no  great  advance  had  taken  place  in  the  interval.  The  surface 
of  the  Seward  lobe  appeared  to  be  as  smooth  as  formerly,  thou^  near  the  mountains 
theie  is  a  very  irregular  ice  surface  whidi  is  probably  normal,  for  photographs  by  the 
Dake  of  Abruzd's  party  in  1897  also  show  crevassed  ice  in  apprradmately  this  position. 

It  may  be  pointed  out  that  it  is  quite  possible  for  a  large  glacier,  with  many  tributaries, 
to  have  more  than  one  advance,  with  different  degrees  of  int^imty,  as  an  outcome  of 
euthquake  shaking.  The  advance  of  one  tributary,  or  of  several  combined,  might  cause 
di^t  advance,  and  later  another  greater  advance  might  result  from  the  thrust  derived 
tiom  a  larger  glacier  or  several  tributaries.  There  is  no  proof  that  this  has  been  the 
OK  in  the  Seward  Glacier  and  it  is  merely  stated  as  an  interesting  possibility,  and  in 
ttitx  to  make  it  clear  that  a  slight  thrust  may  have  occurred  in  1906  and  yet,  after 
ID  bterval  of  years,  a  still  greater  advance  might  b^^. 

Mabtinb  Glacier 

Sbtgnani  in  1890.  Russell  describes  Marvine  Glacier  within  its  mountun  vall^  as 
putly  covered  with  "interminable  fields  of  angular  debris,"*  with  areas  of  "hard  blue 
Kt,"  gome  medial  moraines,  "broad  areas  covered  with  sand  cones  and  gla<ner  tables," 
but  ifiparently  with  no  amount  of  crevassing  such  as  would  interfere  with  rapid  packing 
mtx  its  surface. 

Ihe  Marvine  lobe  of  Malaspina  Glacier  seems  to  have  also  been  inactive  in  1890 
■od  possibly  at  least  as  long  before  as  1874,  as  is  suggested  by  the  observation  of 
tbe  botanist  Coville.*  In  1809  with  a  small  party  from  the  Harriman  Expedition  he 
■pent  several  days  on  the  eastern  border  of  Malaspina  Glacier  about  half  way  from 
KsoicbaDtment  Bay  to  Point  Manby.  Here  the  ice  at  the  border  of  the  Marvine 
lobe  was  covered  wilh  a  thin  layer  of  soil  which  supported  vegetation.  There  were 
DD  spruces  growing  on  the  ice  but  the  oldest  alder  bushes  were  perhaps  8  feet  high 
and  25  years  old. 

Utile  Changed  in  1906.  On  August  2Snd,  1905,  the  junior  author  climbed  up  from 
Etyden  Glacier  and  looked  out  upon  the  Marvine  and  Malaspina  Glaciers,  with  fidd 
^les,  from  an  elevation  of  1585  feet  on  the  Floral  Hills.  At  that  time  the  valley  por- 
tion of  Marvine  Glacier  and  a  broad  belt  along  the  eastern  margin  of  the  Marvine  lobe 


'No. Geog.  M»g..  Vol.  m.  1891.  pp.  IM-liS  and  PI.  17. 
'Conllf,  F,  v.,  Penonal  cDnunuiucatioii. 
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of  Malaspina  Glacier  were  covered  with  ablation  moraine.  This  was  recorded  by  notes 
and  in  a  sketch  map  and  photographs  (PL  XIII»  A).  Dirty »  somewhat  crevassed  ice 
was  observed  along  the  border  of  the  Hitchcock  Hills  toward  the  point  of  emergence  of 
Seward  Glacier,  in  Malaspina  Glacier  down  to  what  was  then  taken  to  be  Kame  Stieanit 
and  thence  eastward  parallel  to  the  glacier  margin.  Outside  this  moraine  Belt  was  dear 
ice  with  the  morainic  scrolls  previously  alluded  to.  There  was  no  lake  visible  near 
Blossom  Island.  The  Marvine  Glacier,  however,  was  apparently  not  crevassed,  in  its 
valley,  and  seems  to  have  been  almost  exactly  as  when  traversed  by  Russell  in  1890. 
The  whole  eastern  Malaspina  Glacier,  although  not  seen  from  nearer  than  this,  seems 
to  have  been  in  the  fall  of  1905  essentially  as  it  had  been  when  crossed  by  the  expeditions 
of  1890, 1891,  and  1897,  except  in  the  portion  near  the  east  border  where  crevassing  had 
then  commenced.  Near  the  debouchure  of  Marvine  and  Hayden  Glaciers  the  moraine- 
veneered  ice  was  broken  into  flat-topped  tables  or  seracs,  but  practically  none  of  the 
debris  had  as  yet  disappeared  into  the  crevasses.  Its  condition  was  not  unlike  that  of 
lower  Lucia  Glacier  in  1909.  In  view  of  the  remarkable  extension  and  continuation  of 
crevassing  observed  by  the  senior  author  in  1906,  this  beginning  of  crevassing  in  1905 
is  of  much  interest,^  especially  as  this  wave  of  advance  which  produced  the  crevassing 
seems  to  have  appeared  in  the  piedmont  bulb  before  it  affected  the  valley  glacier.  This 
area  of  crevassing  is  similar  to  the  much  smaller  one  seen  in  Atrevida  Glacier  the  same 
year.  Our  impression  was  that  even  the  crevassed  area  could  have  been  crossed  in 
August,  1905;  but  in  1906  this  part  of  the  Malaspina  Glacier  was  impassable. 

Advance  of  Marvine  in  1906.  The  expedition  of  1906  had  for  its  object  the  crossing  of 
Malaspina  Glacier  from  east  to  west  and  the  further  study  of  this  piedmont  ice  mass; 
but  by  a  sudden  and  most  unexpected  change  in  the  condition  of  the  eastern  or  Marvine 
lobe  this  plan  was  thwarted.  The  nature  of  this  change,  as  observed  along  the  eastern 
margin  of  the  Malaspina  Glacier  from  Point  Manby  to  Blossom  Island,  has  been  fully 
described  *  elsewhere,  and  will  only  be  sununarized  here. 

Where  Marvine  Glacier  emerges  from  its  mountain  valley  above  Blossom  Island  the 
progress  of  the  expedition  of  1906  was  absolutely  barred  by  a  sea  of  crevasses  and  bristling 
pinnacles  (PI.  XIV),  the  entire  glacier  surface  from  side  to  side,  for  a  width  of  fully  4 
miles,  being  broken  as  only  rapidly-moving  glaciers  are,  and  resembling  an  ice  fall  in  the 
intensity  of  the  breaking.  Yet  it  was  at  this  very  point  that  RusseU  had  easily  crossed 
in  1890,  carrying  his  entire  outfit  toward  Mount  St.  Elias.  From  this  point  down  to 
the  sea  the  surface  of  the  Marvine  lobe  was  broken  into  an  impassable  condition,  and  the 
margin  of  the  glacier  was  also  continuously  broken  except  where  joined  by  the  Hayden 
Glacier,  by  which  the  area  of  crevassing  was  pushed  out  from  the  mountains.  We 
could  not  get  far  out  upon  the  glacier  at  any  point  along  the  margin,  for  everywhere  the 
way  was  barred  by  an  impassable  network  of  crevasses.  This  condition  of  breakage 
extended  even  to  the  shores  of  Yakutat  Bay,  and  across  the  routes  followed  by  Russell 
on  his  retreat  in  1891  and  by  the  Bryant  and  Abruzzi  expeditions  in  1897.     The  area 

1  The  fact  of  this  beginning  of  crevassing  in  1905  was  not  seen  by  the  senior  author,  who  did  not  cross  Atrevids* 
Luda,  or  Hayden  Glacier  in  1905.  It  was  not  known  to  him  when  he  wrote  the  several  papers  on  the  1906  con- 
ditions in  which  he  has  assumed  that  the  crevassing  began  between  August,  1905  and  June^  1900.  We  did  not 
see  the  area  together  in  either  1905  or  1900  and  the  recorded  observation  of  crevassing  in  1905  has  only  been 
noticed  since  our  1909  expedition. 

>  Tarr,  R.  S.,  The  Yakutat  Bay  Region,  Alaska,  Professional  Paper  64,  U.  S.  Geol.  Survey,  pp,  89-68;  Tur» 
R.  S.,  Bull.  Geol.  Soc.  America,  Vol.  18, 1907,  pp.  27S-277. 
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daertaatd  ice,  some  4  miles  vide  where  Morvine  Glacier  emerges,  broadened  toward  the 
« (Fig.  S}|  being  about  $  miles  wide  opposite  Bloaaom  Island,  and  on  the  shores  of 
YiknUt  Bay  extending  from  the  Kwik  River  at  least  as  far  as  Point  Manby.  For  b 
diitance  of  over  IB  miles,  from  the  mountains  to  the  seaward  face  of  the  Molaspina,  the 
icewucrevassed  over  a  width  increasing  from  about  4  miles  near  the  moimtains  to  12  or 
Umile8  near  the  sea. 
Near  Bk»8om  Island  the  senior  author  found  this  lobe  of  the  glacier  very  different 
fmn  its  condition  vkeu  Russell  and  others  walked  and  sledged  over  it.    It  was  im- 
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«  Majitinb  Lobb  or  Maijutdia  GiAcna. 


puably  cievassed  outside  its  moimtain  valley.  There  were  many  pinnacles  and  ar£tes 
Mar  the  margin,  and  in  the  middle  were  fiat-topped  seracs  surrounded  by  deep  crevasses 
ototding  in  all  directions.  It  was  clearly  evident  that  the  breaking  in  the  expanded 
piedmont  bulb  in  1906  had  been  far  less  intense  than  in  the  mountain  valley.  The 
bnien  area  had  not  been  long  exposed  to  ablation,  for  the  fiat-topped  seracs  had  been 
n  reccDtly  cracked  that  melting  had  not  had  time  to  round  off  their  comers.  The  fact 
tbt  not  only  the  snow-covered,  but  even  the  bare  serac-tops  were  not  notably  affected 
b;  iDelting  proved  that  most,  if  not  all,  of  the  breaking  had  taken  place  after  the  period 
'i  ablation  of  1S05  had  ceased. 
Sledging  over  this  surface,  which  Russell  and  others  had  crossed  easily,  woi 
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been  impossible  in  1906  and  even  travel  on  foot  could  be  undertaken  only  by  the  most 
difficult  ice  work. 

We  traversed  the  eastern  margin  of  Malaspina  Glacier  from  the  point  of  emergence 
of  Marvine  Glacier  to  the  mouth  of  the  Kwik  River,  and  along  this  entire  distance,  ex- 
cepting only  where  dominated  by  Hayden  Glacier,  the  ice  was  greatly  broken.  Prior 
to  1906  this  land  margin  had  been  covered  with  ablation  moraine  bearing  a  forest  of 
Cottonwood  and  alder  and  some  spruce  along  the  margin  of  the  lower  Kwik  vall^»  and 
this  margin  was  so  moderately  sloping  that  it  could  easily  be  ascended  at  any  point; 
in  1906,  however,  the  margin  was  for  the  most  part  changed  to  a  steep  and  broken  cliff 
down  which  the  ablation  moraine  was  constantly  sliding,  while  in  the  forest-covered  area 
trees  and  bushes  were  overturned  and  were  falling  into  crevasses  or  crashing  down  the 
newly  steepened  ice  face  (PL  XV»  A).  The  cliff  was  crevassed*  often,  into  impassable 
condition,  and  the  broken  ice  blocks  protruded  through  the  ablation  moraine,  giving  the 
appearance  of  a  frost-riven  rock  cliff,  heightened  by  the  earthy  stain  that  the  ftpgular  ice 
blocks  bore,  and  by  the  trees  that  still  stood  among  them.  The  ablation  moraine,  which 
had  covered  the  ice  for  a  depth  of  from  2  to  15  feet,  and  had  so  protected  it  from 
melting  that  sufficient  stability  was  secured  for  the  growth  of  trees  to  maturity,  was 
now  sliding  into  crevasses  and  down  the  ice  cliff,  often  in  mud  flows.  Abundant  water 
(PL  XVI,  A)  was  now  supplied  by  the  melting  of  the  ice,  newly-exposed  to  the  air  and 
rains,  and  small  and  large  streams,  heavily  charged  with  morainic  debris  were  issuing 
from  all  portions  of  the  ice  margin,  where  hitherto  only  trickling  streams  of  clear  water 
slowly  oozed  from  the  moraine-covered  glacier. 

That  the  ice  was  being  broken  and  crowded  forward  during  July  and  August,  1906 
was  evident  as  we  passed  along  its  base;  and  that  the  entire  breakage  was  a  result  of 
changes  during  that  year  was  indicated  by  the  fact  that  among  all  the  trees  found  over- 
turned, not  one  was  seen  that  had  not  fully  developed  foliage  (PL  XV,  B) .  This  was  the 
last  season  for  many  trees,  for  in  August  some  were  dead  and  others  had  yellow  leaves, 
as  if  dying.  This  evidence  is  in  harmony  with  several  other  facts  which  indicate  that 
this  advance  was  confined  mainly  to  1906.  These  facts  are  as  follows:  (1)  Our  obser- 
vations of  1905,  though  not  very  full,  indicate  that  the  advance  had  barely  begun;  (2) 
other  glaciers  in  the  region  underwent  similar  absolute  transformation  in  the  brief  period 
of  n^ie  months;  (3)  the  slight  amount  of  ablation  on  the  broken  surface  of  the  Marvine 
lobe,  already  mentioned;  (4)  the  closing  of  the  subglacial  tunnel  by  which  the  waters  of 
the  Blossom  Island  region  had  formerly  escaped,  which  occurred  between  the  autunm  of 
1905  and  the  middle  of  July,  1906,  and  which  gave  rise  to  the  formation  of  a  temporary 
expansion  of  the  lake  which  lies  in  the  Blossom  Island  depression.^ 

Thus  a  long  period  of  stagnation  of  sufficient  duration  to  permit  the  growth  of  a  forest 
with  trees  a  half  century  old,  and  in  other  portions  of  the  glacier  a  period  of  such  moderate 
motion  as  to  permit  the  development  of  a  smooth  ice  surface  over  which  travel  was 
easy  in  all  directions,  was  abruptly  ended  by  such  a  sudden  and  rapid  forward  motion 
that  even  the  most  stagnant  portions  of  the  ice  margin  were  broken.  Whether  the  ice 
was  thickened  by  the  advance  could  not  be  determined,  for  we  had  no  exact  basis  for 
measurement,  but,  in  view  of  the  fact  that  other  glaciers  which  advanced  were  thickened, 
it  is  probable  that  this  one  was  also.  There  was  certainly  some  advance  along  the  mar- 
gin, for  only  by  this  could  the  ice  cliff  be  steepened  and  broken,  and  ice  blocks  caused  to 

1  TazT,  R.  S.,  Profesdonal  Paper,  U.  S.  Geol.  Surv^,  1909,  p.  88. 
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fall  from  its  front;  and,  moreover,  there  were  places  where  it  had  encroached  on  the  fring- 
ing forest;  but  there  was  no  basis  upon  which  we  could  determine  the  amount  of  forward 
motion.  It  is  probable,  however,  that  the  amount  of  advance  and  thickening  was  not 
neaily  so  great  here  as  in  other  glaciers,  for  there  was  a  broad  area  of  piedmont  ice  in 
iriuch  the  energy  of  the  forward  thrust  could  be  dissipated,  that  it  is  hardly  to  be 
eqiected  that  extensive  thickening  and  advance  could  also  be  caused.  It  is  remarkable 
that  so  vast  an  area  of  piedmont  ice  should  have  been  affected  (approximately  800  square 
miles)  and  this  could  only  have  resulted  from  a  thrust  of  great  vigor  from  the  M arvine 
Glacier  on  its  emergence  from  the  mountain  valley. 

Afgain  Inactwe  in  1909.  In  the  report  on  the  expeditions  of  1905  and  1906,^  it  was 
predicted  that  the  new  qyde  of  advance  of  Marvine  lobe  would  probably  end  in  a  treeless 
and  moraine-free  glacier  margin  after  another  season's  melting  had  destroyed  the  forest 
and  removed  much  of  the  moraine.  Speaking  of  the  advancing  glaciers  in  general  it 
was  inferred  that  in  each  case  stagnation  would  soon  follow  the  dying  out  of  the  wave 
d  advance,  after  which  ablation  moraine  would  again  cover  the  glacier  margins.  The 
latter  prediction  was  fully  borne  out  by  our  studies  of  1909,  but  the  former  was  not. 

By  the  time  we  i^proached  the  margin  of  the  M alaspina  Glacier  in  1909  we  had  already 
satisfied  ourselves  as  to  the  main  elements  in  the  problems  of  the  advancing  glaciers, 
and  felt  little  need  of  a  comparative  study  of  the  Malaspina  margin,  which  we  had  at 
first  thought  of  undertaking.  To  have  done  so  meant  the  entire  abandonment  of  our 
plan  of  visiting  the  Prince  WiUiam  Sound  region,  for  the  difficulties  of  travel  up  Kwik 
valley  are  so  great  that  several  weeks  would  be  required,  and  the  route  through  Floral 
Pass  was  closed  to  us  by  the  recent  advance  and  resulting  broken  surface  of  Lucia  Glacier. 
We,  therefore,  undertook  nothing  further  than  an  examination  of  the  Marvine  lobe 
inm  devated  points  at  a  distance,  from  which,  however,  we  could  clearly  see  its  condition 
even  with  the  naked  ^e,  and  satisfied  ourselves  that  it  showed  no  new  features  of 
iiqxirtance  that  were  not  exhibited  by  other  advancing  glaciers  of  the  1906  group.  In 
1910  the  ice  jam  in  Yakutat  Bay  made  it  impossible  to  land  on  the  west  side  of  the  bay 
and  examination  of  Marvine  lobe  with  field  glasses  added  no  significant  facts  to  those 
observed  the  previous  year.  In  1911  Marvine  Glacier  was  once  more  so  little  crevassed 
that  it  was  easily  crossed  in  its  mountain  valley  by  a  Boundary  Survey  party.  In 
Sq)tember,  1913,  the  Marvine  lobe  of  Malaspina  Glacier  was  examined  from  a  distance 
^th  field  glasses  by  the  junior  author.  It  seemed  to  be  entirely  stagnant  and  inactive, 
the  margin  being  again  covered  with  ablation  moraine. 

AH  theseobservations  clearly  indicate  that  the  advance  of  1906  was  short-lived,  and  that 
by  July,  1909,  it  had  completely  ceased.  Moreover,  ablation  had  so  healed  the  broken  sur- 
face and  margin  that  we  were  convinced  that  the  advance  ended  soon  after  August,  1906. 
h.  the  clear  ice  area  of  the  Marvine  lobe  back  of  the  margin,  the  ice  surface  looked  much 
as  it  did  in  1905;  similar  swirls  of  moraine  were  seen  and  the  surface  looked  quite  smooth. 
Doubtless  a  nearer  view  would  have  shown  that  the  surface  was  far  rougher  than  in  1890 
wd  1897  but  it  was  certainly  much  less  irregular  than  in  1906,  and  it  appeared  probable 
that  one  could  travel  over  the  glacier  surface  with  no  great  difficulty. 

Tlie  eastern  margin  of  the  Malaspina  was  also  noticeably  healed,  as  compared  with 
the  1906  condition,  though  still  rough,  broken  and  steep.  The  jagged  marginal  cliff 
had  disappeared,  though  steep  ice  cliffs  still  appeared  in  places,  and  while  much  of  the 

>Tiir.  R.  S^  Profeanooal  Paper  64,  U.  S.  Geol.  Survesr*  1909,  pp.  87  and  94. 
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forest  that  grew  in  the  ablation  moraine  had  gone»  much  alder  and  cottonwood  stil 
remained.  The  destruction  of  neither  the  moraine  nor  the  forest  was  complete,  but  th< 
margin  presented  a  far  different  appearance  from  that  of  1905.  Then  the  forest-bearin( 
portion  of  the  glacier  margin  was  a  moderately  sloping  embankment  covered  with  foiesi 
verdure;  in  1909  there  were  wooded  patches  interspersed  with  areas  of  barren  moraine 
and  even  with  ice  cliffs  visible  from  a  distance.  In  view  of  the  rapidity  with  which  thi 
moraine  was  being  removed  from  the  ice  in  1906  and  the  forest  being  destroyed,  thi 
fact  that  no  more  destruction  had  been  accomplished  makes  it  difficult  to  believe  tba1 
the  period  of  advance  and  breakage  lasted  even  into  the  sunmier  of  1907.  yfith  cessa 
tion  of  motion,  ablation  in  the  low  marginal  areas  would  quickly  bring  about  a  suffideni 
degree  of  soil  stability  for  vegetation  already  growing  to  maintain  itself  with  little  furthei 
destruction  by  undermining.  However,  that  ablation  was  still  proceeding  rapidl] 
in  those  parts  of  the  glacier  not  protected  by  a  deep  ablation  moraine  was  indicated  bj 
the  volume  of  the  Kwik  River,  which  appeared  to  be  even  larger  in  1909  than  in  1906 
That  such  a  speedy  ending  of  the  1905-6  advance,  and  the  consequent  rapid  healinf 
of  the  broken  surface  by  ablation  was  not  peculiar  to  the  Marvine  lobe  of  the  Malaspini 
Glacier  is  made  dear  in  later  pages  where  other  advancing  gladers  are  considered. 

Hayden  Glacieb^ 

This  glacier  has  already  been  mentioned  as  one  of  the  tributaries  of  the  Malaspina  Gla 
cier,  though  contributing  little  ice  to  it.  Heading  on  the  western  slopes  of  Moonl 
Cook  the  Hayden  Glacier  flows  as  a  broad,  moderately-sloping  valley  glader  (PL  Xmi 
B),  with  a  width  of  3  or  4  miles,  and,  on  emergence  from  its  mountain  valley,  ezpandi 
to  almost  double  that  width,  coalescing  with  the  Marvine  lobe  of  the  Malajq>ina 
A  moderate  recession  would  disconnect  it  from  the  Malaspina,  giving  it  independent 
existence,  such  as  Atrevida  and  Luda  Glaciers,  once  tributary  to  the  Malaspina,  non 
have.  It  is  somewhat  crevassed  in  places,  and  bdow  the  snow  line,  just  west  of  Floral 
Pass,  is  bordered  by  lateral  moraines,  while  on  the  expanded  portion,  outside  the  moun< 
tain,  are  several  medial  moraines  and  morainic  swirls  of  interesting  pattern.  Tlif 
amount  of  moraine  on  the  surface  increases  toward  the  Marvine  lobe,  giving  rise  tc 
many  morainic  ridges;  but  nowhere  except  along  the  margins  is  there  a  continuouc 
cover  of  ablation  moraine. 

This  glacier  was  partly  crossed  by  the  junior  author  in  1905  and  observed  and  photO" 
graphed  from  the  western  slopes  of  Floral  Hills;  and  it  was  crossed  and  recrossed  several 
times,  and  along  several  routes  by  the  senior  author  in  1906.  Travel  across  its  surface 
in  any  direction  was  not  difficult  and  it  was  evident  that  there  had  been  no  noteworthy 
change  in  condition  since  Russell  crossed  it  in  1890.  We  did  not  get  as  far  west  as  the 
Hayden  Glacier  in  1909  for  the  broken  Lucia  Glader  stood  in  the  way,  but  we  saw  poP" 
tions  of  its  surface  with  fidd  glasses  in  1909  and  1910  and  were  convinced  that  it  had 
not  undergone  any  noteworthy  change  in  the  interval  between  1906  and  1910.  Thia 
negative  result  is  interesting  in  view  of  the  fact  that  Marvine  Glader,  the  next  large  gladei 
toward  the  northwest,  and  Lucia  and  Atrevida  Gladers,  its  large  neighbors  toward  the 
southeast,  have  both  felt  the  impulse  of  the  earthquake  advance.  One  may  antidpate 
that  its  turn  will  soon  come. 

>  For  a  fuller  description,  see  Tarr,  R.  S.,  Professional  Paper  64,  U.  S.  Geol.  Surve^r,  1909,  pp.  81-8S. 
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LUCIA  AND  ATREVroA  GLACIERS 

Lucia  Glacier 

Oeneral  DescripHon.  Lucia  Glacier,  which  is  between  fifteen  and  twenty  miles  long 
and  about  two  miles  wide»  is  a  valley  glacier  expanding  in  a  piedmont  bulb  outside  the 
moontain  front,  and  in  its  lower  portion  covered  with  a  broad  waste  of  ablation  moraine. 
Its  sources  are  unknown,  but  in  the  main,  if  not  entirely,  are  on  the  slopes  of  Mount  Cook, 
llat  there  is  no  large  tributary  heading  farther  back  in  the  St.  Elias  Range  is  indicated 
bf  the  morainic  debris,  which  includes  none  of  the  crystalline  rock  of  which  these  more 
remote  mountains  are  composed.  While  the  exact  sources  are  unknown,  it  is  certain 
that  the  glacier  receives  many  tributaries,  and  some  good-sized  ones  from  both  sides  are 
yisible  from  the  lower  portion  of  the  glacier. 

Opposite  Floral  Pass,  where  the  Lucia  Glacier  is  enclosed  on  both  sides  by  mountain 
valley  walls,  the  width  of  the  glacier  is  2  or  S  miles,  but  it  expands  beyond  this  point 
because  the  valley  becomes  wider  and  further  down  because  the  valley  wall  on  the  east- 
em  side  terminates.  The  width  of  the  expanded  piedmont  bulb  is  4  or  5  miles  at  the 
broadest  part,  the  glacier  being  prevented  from  further  expansion  by  the  presence  of 
tlie  Floral  Hills  on  the  west  and  by  the  competing  piedmont  bulb  of  Atrevida  Glacier 
OQ  the  east.  The  outer  portion  of  the  Lucia  extends  southward  to  the  Kwik  valley, 
foiming  one  wall  of  that  valley,  while  the  Malaspina  border,  a  mile  or  two  away,  forms 
the  opposite  wall.  The  Lucia  and  Atrevida  piedmont  bulbs  coalesce  and  form  a  small 
piedmont  glacier,  similar  to  the  great  Malaspina,  but  supplied  with  ice  from  only  two 
tnbutaries  (Map  2,  in  pocket). 

Basis  for  Study.  This  glacier,  as  well  as  the  Atrevida,  was  crossed  by  Professor  Rus- 
sell and  named  by  him  in  1890.^    He  first  used  this  name,  however,  for  Seward  Glacier.' 

It  was  next  visited  by  the  Geological  Survey  expedition  of  1905,  during  which  its  lower 
portion  was  examined  from  a  neighboring  mountain  and  was  crossed  by  the  junior  author 
^  studied  late  in  August.  In  the  Geological  Survey  expedition  of  1906  access  to  the 
glacier  from  the  east  was  cut  off  by  the  advance  and  breaking  of  the  Atrevida  Glacier, 
bat  it  was  reached  and  crossed  from  the  west  by  the  senior  author.'  The  National 
Geographic  Society's  expedition  of  1909  traveled  to  the  eastern  margin  of  the  Lucia 
Glacier,  but  further  exploration  was  checked  by  the  advance  of  the  glacier.  We  were, 
Wever,  able  to  examine  it  from  Ampitheatre  Knob  and  from  an  elevation  on  Terrace 
Pobt,  just  above  its  eastern  margin,  from  which  we  could  see  all  parts  of  the  glacier 
<^t  the  upper  portion  far  back  in  the  mountains.    The  description  of  the   1909 

^Ntt  Geog.  Mag^  Vol.  m,  1891,  pp.  92.  105-108. 
'Twdfth  Ann.  Rq>t,  U.  S.  Geol.  Survey,  1891.  p.  60. 

*For  A  description  of  thif  glacier  in  1905  and  1906,  from  which  portions  of  the  following  description  are  ab< 
^Iticted,  see  Tarr,  R.  S.,  The  YakuUt  Bay  Region,  Alaska,  Professional  Paper  64,  U.  S.  Geol.  Snrv^,  1900. 

59 


60  ALASKAN  GLACIER  STUDIES 

condition  is  based  upon  these  observations.  The  glacier  was  seen  only  from  the  east 
side  of  Yajcutat  Bay  in  1910. 

Description  by  Ru8sdL  Lucia  Glacier  was  inactive  in  1890,  for  Russell  described 
it  during  the  first  part  of  July»  1890,  as  ''covered  from  side  with  angular  masses  of  sand- 
stone and  shale  .  .  .  while  further  up  the  valley  the  debris  on  the  surface  of  the  ice 
disappeared,  and  all  above  was  a  winter  landscape.  The  brown  desolate  debris  fidds 
extended  far  southward,  and  covered  the  expanded  ice  foot  in  which  the 
glacier  terminates.  Most  curious  of  all  was  the  fact  that  the  moraines  on  the  lower 
border  of  the  glacier  were  concealed  from  view  by  a  dense  covering  of  vegetation,  and 
in  places  were  covered  with  forests  of  spruce  trees."  He  also  described  the  nunatak 
on  the  west  side  of  the  glacier  and  the  outwash  plain  at  its  base. 

Continued  Inactivity  in  1906  and  1906.  Lucia  Glacier  seems  not  to  have  changed 
significantly  between  1890  and  1905 ;  and  between  1905  and  1906,  there  was  no  notable 
difference,  except  a  possible  increase  in  crevassing  up  the  valley  to  which  reference  will  be 
made  later.  In  1905  it  was  impossible  to  clearly  detect  the  boundary  between  Lucia 
and  Atrevida  ice  tongues,  the  two  lobes  of  this  piedmont  glacier;  though  for  a  part  of 
the  distance  a  line  of  alder  growth,  forming  an  oasis  in  a  broad  waste  of  ablation  moraine» 
marked  the  site  of  the  interlobate  area  of  greatest  stagnation.  Above  this  the  two 
glaciers  were  separated  by  the  gravels  of  Terrace  Point,  and  near  the  outer  border  of 
the  piedmont  glacier  a  stream  emerged  and  formed  a  valley,  apparently  in  line  with 
the  boundary  between  the  two  lobes;  but  for  some  distance  above  this  vall^  the  two 
lobes  so  coalesced  that  the  boundary  between  them  was  indistinguishable.  In  1906, 
however,  the  advance  and  crevassing  of  Atrevida  Glacier,  which  pushed  westward  into 
the  still  stagnant  Lucia  lobe  and  destroyed  the  interlobate  strip  of  alder,  brou^^t  out 
sharply  the  area  occupied  by  each  lobe  (Pis.  XXVI  and  XXVU).  The  Atrevida  lobe 
was  everywhere  broken,  with  clear  ice  showing  along  the  boundary  between  the  two 
lobes,  while  the  Lucia  was  unchanged — a  broad,  undulating  waste  of  ablation  moraine 
which,  from  a  distance,  bore  little  resemblance  to  a  glacier. 

One  of  the  most  interesting  features  of  the  Lucia  Glacier  was  its  ablation  moraine; 
it  seemed  stagnant  near  its  terminus  and  wasting  in  its  valle;y  and  was  the  best  illus- 
tration of  this  type  in  the  Yakutat  Bay  region.  For  over  7  miles,  from  its  terminus 
to  a  point  well  up  the  mountain  valley,  the  glacier  surface  was  obscured  by  ablation 
moraine  (PL  XVII,  A),  and  throughout  fully  nine-tenths  of  the  area  no  ice  could  be 
seen  from  a  distance.  The  ablation  moraine  extended  well  up  the  vall^  portion  of 
the  glacier,  to  a  point  at  least  a  mile  above  Floral  Pass,  becoming  rapidly  thinner,  with 
more  ice  showing  up  the  valley,  and  finally  giving  place  to  bands  of  medial  and  lateral 
moraine.  Opposite  and  below  Terrace  Point  the  moraine  increased  in  proportion  and 
ice  appeared  only  in  small  bands,  or  in  depressions  holding  lakelets,  at  least  a  score 
of  which  dotted  the  moraine-covered  portion  of  the  glacier.  The  surface  of  thb  des^ 
waste  of  ablation  moraine  was  nowhere  notably  crevassed,  and  travel  over  the  surface 
was  possible  in  all  directions,  the  only  difficulty  being  the  extreme  irregularity  of  the 
surface  due  to  differential  melting,  and  the  occasional  slippery  slopes  where  the  moraine 
veneer  was  thin.  There  were  nimierous  moulins  of  large  size,  and  morainic  debris  was 
being  carried  into  these  by  the  drainage.  This  was  the  only  escape  for  the  concentrated 
morainic  debris,  for  there  were  no  crevasses  of  any  considerable  depth  in  this  slowly 
moving  glacier. 
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For  two  miles  or  more  the  outer  margin  of  the  Lucia  lobe  was  clothed  with  vegetation. 
Os  the  iuier  side  of  this  forest-covered  port  of  the  ablation  moraine  scattered  individuals 
ud  dust^s  of  alder  were  growing  in  the  more  stable  portions  of  the  moraine,  but  the 
linount  of  v^etation  rapidly  increased  toward  the  outer  mar^pn  of  the  glacier,  and  in  a 
^urt  distance  the  entire  surface  was  covered  and  hidden  by  alder  thickets.  Farther  out 
iodindual  cottonwoods  rose  above  the  alder,  and  at  the  extieme  ma^in  a  forest  of 
tottODwood  and  spruce  occupied  the  ablation  moraine.  The  forest  covered  more  than  a 
nfle  of  the  outer  glacier  margin  and  in  it  no  ice  was  visible  from  a  distance.  The  extreme 
mta  margin  consisted  of  a  low,  wooded,  gently-sloping  embankment  which  rose  above 
tbe  gravds  of  the  Kwik  valley,  and  it  was  exceedingly  difficult  in  places  to  tell  where 
the  Racier  ended.  Without  examining  it  carefully,  one  unfamiliar  with  the  phenomenon 
d  f«est>covered  glaciers  would  not  suspect  that  this  wooded  slope  was  a  glacier  end. 
One  noticeable  feature,  however,  was  the  large  number  of  small,  trickling  streams  ol 
deu,  cold  water  that  emerged  from  the  embankment,  and  at  one  or  two  points  larger 
■ticsma,  bearing  sediment. 

In  the  ablation  moraine  were  many  interesting  details,  most  of  which  have  no  direct 
leuiiig  on  the  glacier  as  a  whole  but  are  phenomena  of  melting.  There  were,  however, 
KTotl  noteworthy  features.  The  most  prominent  of  these  was  the  extreme  irregularity 
tithe  surface  due  to  differential  melting.  In  crossing  the  ice  siuface  one  was  constantly 
(fimbing  over  knolls  and  ridges  and  descending  into  valleys,  some  roughly  circular,  others 
bear  or  crescentic,  and  the  difference  in  elevation  from  valley  bottom  to  ridge  creat 
WM  often  fully  100  feet.  The  elevations  occurred  where  the  drift  was  thick,  the  depres- 
MDt  where  it  was  thin,  and  it  was  evident  that  the  relative  positions  of  these  higher 
lod  tower  portions  of  tbe  monune  surface  were  constantly  changing  as  the  thickness 
d  the  drift  cover  changed  through  downsliding.  During  the  ablation  of  the  under  ice, 
■teep  ik^ies  ore  develcq>ed  down  which  the  debris  slides  to  the  depressions,  leaving  nearly 
at  quite  bare  ice  alopea,  while  the  debris  accumulates  in  the  depressions  and  in  time  doubt- 
loa  accumulates  to  sufficient  depth  to  retard  their  further  reduction.  Then  the  depres- 
iaa  are  graduaUy  transformed  to  elevations,  and  the  former  elevations,  denuded  of  their 
drift  cover,  are  lowered  to  valleys.  Where  the  drainage  escapes  into  moulins  there  are 
condttions  favoring  more  permanent  valleys.  It  is  this  constant  shifting  of  debris  that 
pKTOita  the  growth  of  vegetation  on  these  thinner  portions  of  the  ablation  moraine, 
nd  the  struggle  that  plants  are  making  to  find  a  foothold  here  is  often  illustrated  near 
the  margin  of  the  plant-covered  portion  of  the  ablation  moraine,  where  annual  plants 
«nd  one  or  two  year  old  alder  and  willow  bushes  are  found  overturned,  or  dying  where 
th^  stand  by  the  removal  of  the  soil  from  around  their  roots, 

A  aecond  noteworthy  feature  of  the  ablation  moraine  was  the  fact  that  the  rock  frag- 
Mnti  were  all  angular,  so  far  as  we  were  able  to  observe.  They  were  frost-riven  frag- 
ments and  avalanche  faUs  derived  from  the  steepened  upper  valley  walls  and  in  part, 
■kmbtless,  supplied  with  the  snow  itself  as  it  slid  down  into  the  reservoirs.  In  the  outer 
put  d  the  piedmont  bulb  the  ablation  moraine  consisted  of  a  confused  maze  of  hillocks 
ud  depressions,  with  no  definite  system,  and  with  a  tcqiography  reminding  one  of  some 
ueu  of  sand  dunes  where  ridges  are  absent;  but  farther  up  the  glacier,  where  the  moraine 
wu  thinner,  the  ablation  moraine  presented  a  series  of  crescentic  ridges,  where  longitu- 

^^  ndges,  perhaps  medial  moraines,  swung  across  the  glacier  instead  of  down  it.    Tlie 

ciUK tor  this  peculiar  arrangement  of  the  morainic  ridges  la  not  clear,  butu 
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in  some  way  connected  with  tlie  flowage  of  ice  under  the  conditions  of  expansion  into  a 
piedmont  bulb  of  semi-stagnant  or  stagnant  condition. 

A  final  feature  of  note  was  a  narrow  depression  between  morainic  ridges  which  in 
1905  and  1906  ran  eastward  from  the  base  of  Lucia  Nunatak,  for  about  a  half  mile. 
It  was  much  smaller  than  similar  ice-flats  seen  on  Variegated  Glacier  in  1905  and  on 
Atrevida  Glacier  in  1909.  The  development  of  crescentic  ridges  and  interior  flats  seems 
to  be  a  phenomenon  conmion  to  piedmont  ice  bulbs,  and  other  instances  will  be  pointed 
out  in  the  descriptions  of  other  glaciers.  Their  significance  will  be  discussed  in  a  later 
chapter  after  the  various  instances  have  been  described. 

On  the  western  side  of  Lucia  Glacier,  almost  at  the  mouth  of  Floral  Pass,  a  low  hill 
rises  between  700  and  750  feet  (PL  XVI,  B).  Russell  described  it  in  1890  ^  as  ''a  huge 
rounded  dome  of  sandstone  rising  boldly  out  of  the  ice.  This  is  similar  to  the  'nunataks' 
of  the  Greenland  ice  fields,  and  was  covered  by  ice  when  the  glaciation  was  more  intense 
than  at  present.  On  the  northern  side  of  the  island  the  ice  is  forced  high  up  on  its  flanks 
and  is  deeply  covered  with  moraines;  but  on  the  southwestern  side  its  base  is  low  and 
skirted  by  a  sandplain  deposited  in  a  valley  formerly  occupied  by  a  lake.  The  melting 
of  the  glacier  has  in  fact  progressed  so  far  that  the  dome  of  rock  is  free  from  ice  on  its 
southern  side,  and  is  connected  with  the  border  of  the  valley  toward  the  west  by  the 
sandplain.  This  plain  is  composed  of  gravel  and  sand  deposited  by  streams  which  at 
times  became  dammed  lower  down  and  expanded  into  a  lake.  Sunken  areas  and  holes 
over  parts  of  the  lake  bottom  show  that  it  rests,  in  part  at  least,  upon  a  bed  of  ice.'* 

From  its  position  this  hill  is  useful  as  a  register  of  changes  in  the  glacier,  and  for  that 
reason  calls  for  detailed  description.  In  1905  and  1906  the  eastern  face  of  the  nunattak 
was  a  steep  cUff  at  whose  base  the  glacier  flowed  in  contact  with  the  rock.  The  northern 
side,  less  steeply  sloping,  was  also  in  contact  with  the  ice,  but  the  southern,  or  lee  slope 
was  free  from  ice,  although  the  glacier  spread  westward  just  below  it.  On  the  western 
side  a  small  ice  tongue,  or  distributary  of  Lucia  Glacier  protruded  part  way  down  to 
Floral  Pass  with  a  slope  of  12^,  ending  in  a  low,  moraine-covered  terminus.  Thus  the 
hill,  which  is  about  f  of  a  mile  long  and  almost  half  as  wide,  had  ice  contact  for  about 
half  its  periphery,  while  ice  was  present  at  a  short  distance  both  to  the  west  and  souths 
being  absent  from  less  than  a  quarter  of  the  periphery,  toward  the  southwest.  The  ice 
on  the  northern  slope  rose  more  than  two-thirds  of  the  way  to  the  top  of  the  nunatak. 

Fortunately  the  junior  author  made  a  careful  section  of  the  north  side  of  Lucia  nunatak 
in  August,  1905.  The  ice  rode  up  on  this  stoss  side,  at  an  angle  of  about  22®,  to  a  hei^t 
of  550  feet  above  the  base  where  there  was  a  rude  moraine  terrace,  100  yards  or  so  in 
width,  with  an  ice  foundation  still  present  (Fig  4).  Above  this  were  two  earlier 
moraines  155  and  50  feet  respectively  below  the  top  of  the  nunatak.  The  lower 
moraine  was  about  75  feet  wide  and  the  upper  contained  small  lakelets.  These  1905 
relationships  are  shown  in  Pis.  XVI,  B  and  XVIII  where  the  1905  profile  is  contrasted 
with  that  of  1909. 

The  height  to  which  the  ice  on  the  north  side  of  the  nunatak  rose  above  the  level  of 
the  main  glacier,  in  1905-6,  made  it  seem  unlikely  that  it  could  have  been  crowded  up 
to  that  level  by  the  then-existing  thrust  of  the  glacier.  The  natural  inference  from  this 
condition  is  that  some  recent  thrust  had  pushed  the  ice  up  here,  and  this  inference  is 
supported  by  the  fact  that  for  fully  100  feet  above  the  ice  the  hill  slope  was  barren  of 

i^Nat  Geog.  Mag.,  Vol.  m,  1891,  p.  106. 
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vegetation,  although  there  was  abundant  plant  growth  above  this  zone.  That  part 
of  the  glacier  which  rose  above  the  glacier  level  on  the  northern  slope  of  the  nunatak  was 
completdy  covered  with  a  thick  coat  of  moraine  by  which  ablation  must  necessarily  be 
greatly  retarded,  so  that  the  thrust  which  pushed  the  glacier  up  may  well  have  occurred 
yens  ago,  probably  long  before  Russell's  visit  in  1890.  By  the  advance  of  1909  the  ice 
condition  around  Lucia  Nunatak  has  been  greatly  changed,  as  is  stated  below. 

The  western  margin  of  the  glacier,  below  Lucia  Nunatak,  was  bordered  by  a  large 
marginal  stream  which  emerged  from  an  ice  tunnel  at  the  southeastern  comer  of  the 
nnnatak  and  joined  the  Kwik  River,  receiving  on  the  way,  first  a  small  tributary  from 
the  ice  tongue  west  of  the  nunatak,  then  land  streams  from  Floral  Pass  and  other  valleys 
in  the  Floral  Hills,  and  small  streams  from  the  glacier.  Lucia  Stream  was  an  impassa- 
ble facial  torrent  where  it  emerged  from  the  ice  tunnel,  but  it  was  swollen  to  nearly 
twice  that  size  before  it  united  with  the  Kwik.  Although  this  stream  flowed  along  the 
western  margin  of  the  glacier  it  was  not  everywhere  in  contact  with  it,  for  Lucia  Glacier 
crowds  against  projecting  spurs  of  the  Floral  Hills  and  the  stream  was  at  such  places 
foroed  into  rock-walled  gorges  cut  across  these  spurs.  Thus  the  marginal  stream  valley 
consists  of  stretches  where  the  mountain  forms  one  wall  and  the  glacier  the  other,  alter- 
nating with  short  sections  enclosed  on  both  sides  by  steeply-rising  rock  waUs,  against 
ihose  base  the  river  in  places  flowed,  forcing  us,  in  oiu*  attempt  to  pass  up  the  valley,  out 
otthe  gorge  upon  the  higher  wooded  slopes  of  the  projecting  spiu^. 

Conditions  on  the  eastern  margin  of  Lucia  Glacier  were  quite  different.  Above  Ter- 
race Point  the  snow  line  was  soon  reached  and  the  glacier  was  then  in  contact  with  the 
mountain,  but  at  Terrace  Point  a  broad  valley  eidsted,  with  the  moraine-covered  ice 
for  one  wall  and  the  gravels  of  Terrace  Point  for  the  other  wall.  In  this  valley  was  a 
small  stream,  supplied  by  drainage  from  the  land  and  from  the  ice,  which  disappeared 
beneath  the  ice,  but  which  had  earlier  in  the  season  been  dammed  to  form  a  lake.  Lacus- 
trine deposits  and  stream  gravels  had  accumulated  here,  and  the  process  of  formation 
d  the  gravels  of  Terrace  Point  was  here  being  duplicated  and  illustrated  in  miniature. 
One  or  two  small  lakes  existed  farther  down  in  this  marginal  valley  in  the  depression 
between  Atrevida  and  Lucia  Glaciers,  and  below  that  came  the  area  of  coalescence  be- 
tween the  crevassed  Atrevida  and  the  stagnant  Lucia  Glacier.  Beyond  this  junction 
the  two  lobes  flared  apart  and  there  was  a  valley,  broadening  rapidly  westward  to  a 
V-shape,  in  which  a  small  stream  flowed  over  an  alluvial  fan,  bordered  on  the  west  side 
by  the  low,  wooded  embankment  of  Lucia  Glacier  and  on  the  east  side  by  the  similar 
slope  of  Atrevida  Glacier.  This  stream  evidently  carried  the  drainage  from  the  Terrace 
Point  region  plus  such  water  as  escaped  from  the  eastern  margin  of  the  moraine-covered 
Luda  and  the  western  margin  of  Atrevida  Glacier.  A  large  part  of  this  water  had 
passed  beneath  the  stagnant  interlobate  area  between  the  two  glaciers.  Evidently, 
therefore,  the  main  drainage  of  Lucia  Glacier  was  on  the  west  and  of  the  Atrevida  on  the 
^  side,  and  the  interlobe  drainage  was  moderate  in  amount.  This  condition  was 
greatly  changed  in  1909. 

Luda  Glacier  has  at  some  former  time  been  far  more  extensive  than  now.  This  is 
proved  by  the  morainic  deposits  that  cover  Terrace  Point,  and  by  the  moraine  terraces 
^t  lie  high  up  in  Floral  Pass  and  in  other  valleys  in  the  eastern  slopes  of  the  Floral 
Bills.  It  has  at  some  period  been  tributary  to  the  Malaspina,  and,  while  there  is  no 
proof  of  it,  it  is  entirely  possible  that  ice  may  even  at  present  lie  beneath  the  gravels  of 
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the  Kwik  valley  that  now  separate  it  from  the  Malaspina.    These  deposits  are  so  thick 
that  they  would  suffice  to  almost  prevent  further  melting. 

Advance  of  Lucia  Glacier  in  1909.  So  far  as  we  know»  Lucia  Glacier  was  receding 
continuously  between  1890  and  1909.  In  1906  there  was  some  evidence,  though  not 
very  conclusive,  of  a  coming  change,  and  an  advance  was  predicted  on  the  basis  of  an 
apparent  increase  in  crevassing  up  the  valley  and  on  the  assumption  that  a  longer  glacier, 
like  the  Lucia,  might  reasonably  be  expected  to  advance  later  than  the  shorter  ice  tongues, 
like  the  adjacent  Atrevida.^ 

When  we  saw  Lucia  Glacier  in  July  1909  it  was  advancing  as  the  Marvine  and  others 
were  doing  in  1906,  but  had  reached  a  less  complete  stage  of  advance  than  any  of  the  1906 
glaciers.     In  view  of  the  rapidity  with  which  the  advance  passed  down  the  glaciers,  once 
it  had  started,  as  observed  in  1906,  it  seems  doubtful  whether  the  crevassing  observed  in 
the  upper  Lucia  Glacier  in  1906  was  in  reality  the  forerunner  of  the  1909  advance.    Had 
it  been  an  indication  of  coming  change  one  would  expect  that  its  effects  would  have  been 
felt  in  the  lower  glacier  by  1907.    Still,  our  knowledge  of  the  behavior  of  glaciers  advanc- 
ing under  the  impulse  of  snow  supplied  by  earthquake  shaking  is  too  slight  and  too 
fragmentary  to  warrant  definite  exclusion  of  this  suggestion  of  coming  change.    It  may 
be  true,  for  example,  that  only  one  or  two  of  the  tributaries  had  communicated  the 
impulse  of  advance  to  the  main  glacier  and  that  sufficient  force  had  not  yet  been  supplied 
to  extend  the  crevassing  farther  down,  while  a  year  or  two  later  the  impulse  from  other 
branches,  either  more  numerous  or  Urger,  gave  sufficient  impetus  for  a  continuation 
of  the  thrust  and  for  the  extension  of  its  effects  down  the  glacier.    This  is  an  hypothesis 
at  least  worth  retaining  until  the  behavior  ojf  such  advancing  glaciers  is  better  understood. 
Be  this  as  it  may,  Lucia  Glacier,  when  seen  in  July,  1909,  almost  exactly  three  yean 
after  our  last  observation  of  it  in  1906,  was  utterly  transformed,  and  was  rapidly  rhttnpng 
under  our  very  eyes.    Between  Terrace  Point  and  Lucia  Nunatak,  where  we  had  so  easily 
crossed  in  1905  and  1906,  the  undulating  moraine-covered  surface  was  rent  by  a  series 
of  gashes  (PI.  XVIII)  which  rendered  the  glacier  impassable.    These  gashes  were  pro- 
found, flaring  crevasses  of  great  length,  spaced  a  few  yards  apart,  nearly  parallel,  and 
extending  in  the  direction  of  flow  of  the  glacier.    The  glacier  had  the  appearance  of 
being  newly-crevassed  by  differential  strain  due  to  motion  down  the  valley  and  toward 
the  center  of  the  glacier  there  was  some  indication  of  faulting,  with  the  uplift  on  one  side 
of  the  crevasses.    The  direction  of  the  crevasses  varied  both  below  and  above  Terrace 
Point,  but  in  each  case  changes  in  direction  seemed  attributable  to  change  in  direction 
of  flow  of  the  glacier.     For  example,  near  Lucia  Nunatak  the  crevasses  pointed  toward 
the  valley  center,  as  if  the  ice  flow  here  were  deflected  by  the  nimatak;  and  in  the 
piedmont  bulb  portion  the  crevasses  fanned  out  as  the  ice  itself  does  to  form  the  piedmont 
expansion.    Between  these  parallel  linear  gashes  there  were  very  few,  in  fact  scarcdiy 
any  cross  breaks,  but  there  were  long,  undulating  strips  of  serac,  still  covered  with 
ablation  moraine,  over  which  travel  would  be  easy;  and  it  seemed  probable  that  once 
one  reached  this  gashed  area  it  would  be  a  matter  of  no  great  difficulty  to  cross  the 
central  part  of  the  glacier  by  a  zigzag  coiu^e,  threading  one's  way  around  the  ends  of 
crevasses. 

Along  the  margin,  on  both  the  east  and  west  sides  of  the  glacier,  the  condition  of  cre- 
vassing was  widely  different  from  that  of  the  center.    Here  the  ice  was  confusedly  broken, 

1  Tarr.  R.  S.,  Profeasional  Paper  64,  U.  S.  Geol.  Svavey,  1909,  p.  80. 
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Dissected,  Ice-Scclftubed  Gravel  Benches  on  Nobtr  Side  or  Noxatak  FIord 
}ws  also  gullied  higher-level  graveb  on  ateeper  mountain  slope.    Note  abaence  of  vegeta- 
tion.    Photograph  Ukeo  July  S,  1905. 


B.      MoHAINTC  PlTCtFACE  VkXKEIIINC!  OvEKBlnDES  GhaVELJ*.  WeST  SlDE  OF  ItuSBELL  FlORD 

Vegetation  just  advancing  ov«r  the  surface  from  nhicli  the  Niinatak- Hidden  Glader  has 
recently  receded,  1005. 


Yahtse  RrvER  fkoh  above  Ice  Tunnel 
Photograph,  1S91,  by  I.  C.  Riusdl. 


;  River  IsauiNO  frou  a  Tunnel  in  the  Malaspina  GLAaEK 
Photograph,  1S9I,  by  I.  C.  Russell. 


SlTKAOI    BlUITS,    OS    THE    SoUTH     MaHQIN    OP    MaL 

Photograph,  1891.  by  I.  ('.  Ruswil. 


Pliotogrnph,  1880,  hy  I.  ( 


MoRAtNE-CoVERED   SlTHFACB   OV    MaLABPINA    GlutCIER 

Photograph,  I89I,  by  J.  ('.  Russell. 


FOHKHT    C'lHEBING    OF   MaUSPINA    (ilj 

Fhotograph,  1891,  by  I.  C.  Russell. 


A.       TlSDALL   Gl.\<IEB 

A  nestem  tributary  of  Malaapina  Glacier.     Photograph  from  Ouux  Hills  by  I.  C,  Rinadl.  1891. 


LlBKET  AND  AgABSIX  (iuriBRS  JoiMNC   THE   MaLASPIW   GlaCIEH 

>'n>m  Cbaix  Ililb.     Photograph  by  H.  (i.  Bryant. 


1^ 

%      ■   1^^^^ 

V     «^K]V 

:  ^       .  -3^  1  ^"J  lMt>   "(k    ''        ^w' 

•,^iJm 

I  ;a^-W 

1  /  H 

fe#i 

^ 

Am'- 

^M 

.       ^^J& 

»t 

^K^ 

^H& 

^-        ■V'^'^ljj 

m 

V  ffi^H 

■        ^ 

4' 

i^s^^HI 

H['      M 

;'^.;        ^^f 

m.7  -^   1 

ll 

If  1 

r   ?i^kJ:     -  ^J 

/    ;^X 

^  yJ^lw.  "^  w 

«    vvB^I 

E  .iiiiL. ' 

'■           ^"Ttvv 

MM 

■.^^^^ 

•  4:^3»K^ 

■^•■,r^'.#    .. .. 

■  W^m 

'^^smm 

^■V^l^^^H 

i^^^^^H 

A.      DitOKKN  Eaf 

Fnun  BlUi%i«l  tan  ol 
soil  and  the  fnrcsl.     Bl 


EMlem  m&rgin  at  Mulasp 


A.  Moraine-Covered  Forested  Easterx  Margik  of  the  Mariine  Lobe  o 
PIHA  Glacter 
The  ice,  recently  thrust  forwanl,  lias  prolnuled  through  the  suil;  the  trees  ai 
various  angles  and  overturned;  and  tlie  underlying  lee,  exposed  tu  air  and  nun. 
melting.  Streams  of  water  and  of  liquid  mud  descend  the  slope.  In  c«rly  July  the 
was  occupied  by  a  lake  upon  which  the  ftllu^ial  fan  had  encroaclied,  the  stream,  in 
time,  being  grratly  inercsscd  in  size.     Photograph  taken  August  9, 1906. 
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the  CRTaaMfl  bdiig  short  and  extending  in  various  directions,  giving  the  glatner  the  ap- 
peuBDce  characteristic  of  an  ice  fall.  Its  pinnacled  condition  was  only  in  small  part 
due  to  greater  ablation,  for  even  here  a  large  part  of  the  surface  was  still  protected  by 
moniine.  The  Racier  surface  had  the  appearance  of  having  been  broken  by  dragging 
ud  slumog  aa  the  strain  of  the  glacier  flood  swept  down  the  deeper  central  portion  and 
omed  a  swdling  of  the  ice  against  the  valley  margins,  the  thinner  marginal  portion  having 
too  great  rigidily  to  accommodate  itself  to  the  struns  thus  induced.  One  was  reminded 
nmeidiat  of  the  Inoken  blocks  <rf  ice  that  are  piled  up  along  the  margin  of  a  frozen  river 
Ihtt  rises  is  flood.  Hiis  condition  extended  all  along  the  visible  margin  and  was  strikingly 
derdoped  both  on  the  stoss  slope  <rf  the  nunatak  and  around  its  eastern  base. 


"^*"lrT^ilttr[£j 


Fn,  i.    LoNoiTCDiNAii  Seciionb  op  Lucia  Giaciib  amd  Nitnatak. 

Above  Terrace  Point  the  glacier  was  also  badly  crevassed.  Those  tributaries  that  enter 
ftm  the  west  were  not  notably  broken,  but  two  that  enter  from  the  east,  just  above 
Tsrace  Point,  were  impassably  crevassed  where  they  emerged  from  their  valleys,  and 
tbe  cieraanng  c4  these  extended  for  only  a  half  mile  into  the  main  glacier.  It  seems 
CETtain  that  some  of  the  impulse  of  the  advance  of  Lucia  Glacier  was  supplied  by  these 
tribataiies,  but  the  greater  part  was  apparently  supplied  from  the  mun  glacier,  which 
■»  badly  crevassed  above  these  two  tributaries,  and,  in  fact,  as  far  Into  the  mountains 
«we  could  see.  A  noteworthy  feature  of  the  glacier  above  Terrace  Point  was  the  pres- 
on  of  a  crescentic  depression  between  the  crevassed  area  of  the  two  eastern  tributaries 
ndthe  crevassed  main  glacier.  It  is  as  if  the  glacier  level  were  raised  by  the  impulse 
tina  the  main  glacier,  while  the  advance  of  the  two  tributaries  had  raised  a  crevassed 
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piedmont  bulb  where  they  emerged  from  their  valleys;  but  between  the  two  was  an  area 
that  was  less  raised  and  broken,  being  between  two  different  currents  of  recently  accel- 
erated ice  motion. 

Below  Terrace  Point  the  crevassing  diminished  in  amount  and  finally  died  out  com- 
pletely before  the  alder-covered  portion  of  the  ablation  moraine  was  reached.  This 
outer  portion,  beyond  the  area  of  crevassing,  was  apparently  in  no  notable  respect  differ- 
ent from  its  1906  condition.  Indeed  three  lakes  showing  in  the  forest  in  the  1906  photo- 
graphs were  still  present  on  the  glacier.  There  was  no  crescentic  crevassing,  such  as 
was  so  prominently  developed  in  Atrevida  Glacier  during  its  advance,  and  no  noticeable 
thickening  of  the  piedmont  portion.  This  section  was  still  a  field  of  ablation  moraine* 
with  the  outer  fringe  of  forest  and  alder  grading  into  a  waste  of  barren,  undulating,  rodiy 
moraine  with  no  ice  appearing  when  viewed  from  a  distance.  But  in  1909  this  desert  of 
ablation  moraine  graded  into  an  area  of  gashes  in  which  ice  was  revealed  in  increasing 
amounts  up  the  glacier. 

While  there  was  no  noticeable  thickening  of  the  piedmont  portion  of  the  glacier,  there 
was  thickening  along  the  margins  at  Terrace  Point  and  Lucia  Nunatak,  and  presumably 
also  between  these  two  points.  The  thickening  and  advance  was  best  shown  at  Luda 
Nunatak.  Here  the  ice  rode  high  up  on  the  stoss  or  northern  end.  The  undulating 
moraine-covered  stagnant  ice  that  in  1906  rested  high  up  on  the  northern  slope  of  the 
nunatak  was  now  replaced  by  an  up-domed  area  of  greatly  crevassed  ice  which  had 
overridden  the  barren  area  and  advanced  into  the  zone  of  vegetation  that  covers  the 
nunatak  top.  At  this  point,  therefore,  the  glacier  was  over  100  feet  higher  than  in  1905 
and  1906.  A  peculiar  dome  of  broken  ice  also  rose  against  the  middle  of  the  eastern  side 
of  the  nunatak,  but  the  cause  for  this  could  not  be  determined  at  the  distance  from  whidk 
we  viewed  it.  The  stagnant  tongue  of  Lucia  Glacier  which  formerly  stretched  down 
the  valley  between  the  nunatak  and  Floral  Hills,  and  which  in  1905  and  1906  was  not 
visible  from  the  crest  of  Amphitheatre  Knob,  had  been  pushed  forward  and  broken  into 
impassable  condition  so  that  it  was  now  plainly  visible  from  that  viewpoint,  and  the  ice 
tongue  extended  a  quarter  of  a  mile  beyond  the  southern  end  of  the  nunatak.  Its  total 
advance  is  estimated  to  have  been  between  half  and  three-fourths  of  a  mile.  Whether 
it  imited  with  the  main  glacier  below  the  nunatak  could  not  be  determined,  but  if  it  did 
not  actually  unite  it  certainly  almost  did  so,  and  the  hill  was  once  more  nearly  if  not 
quite  a  true  nunatak. 

At  Terrace  Point  the  ice  had  been  pushed  up  laterally  and,  as  already  stated,  had  been 
greatly  broken.  During  the  earlier  visits,  in  1905  and  1906,  this  margin  was  a  moderatdy- 
sloping,  moraine-covered  embankment  with  almost  no  ice  showing,  and  one  could  ascend 
the  slope  at  any  point.  Now  the  broken  ice  was  bordered  by  a  jagged  precipice  from 
which  both  moraine  and  ice  blocks  were  constantly  falling.  The  marginal  valley  be- 
tween the  glacier  and  Terrace  Point  had  been  greatly  narrowed,  the  ice  having  pushed 
out  laterally  one  or  two  hundred  yards.  At  no  point  was  the  ice  in  contact  with  Terrace 
Point  and  a  narrow  marginal  valley  still  existed.  In  the  lower  portion  of  this  valley 
stood  a  narrow  linear  lake  at  least  a  half  mile  in  length  and  two  or  three  hundred  yanb 
wide,  with  the  jagged  ice  precipice  forming  one  margin  and  the  southern  end  of  Terrace 
Point  the  other.  This  lake  was  filled  with  icebergs,  and  as  we  looked  down  upon  it  we 
saw  many  fall  into  it.  At  the  southern  tip  of  Terrace  Point  in  1906  a  small  lake  stood 
where  the  advancing  Atrevida  Glacier  had  pushed  forward  to  dam  the  drainage  from 
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the  eastern  margin  of  Terrace  Point,  forming  a  lake  which  did  not  exist  in  1905.  This 
lake  fltin  existed  August  3, 1909»  but  south  of  it  for  over  half  a  mile  the  moraine-covered 
depression  between  Lucia  and  Atrevida  Glaciers  was  covered  with  icebergs.  The 
eipanded  lake  in  which  these  icebergs  floated  was  seen  from  the  crest  of  Amphi- 
theatre Ejiob  on  July  21»  1909,  but  before  August  3  was  drained  through  a  subgladal 
tmmel. 

Another  notable  change  along  the  eastern  margin  of  the  Lucia  Glacier  was  the  de- 

vdc^ment  of  a  huge  glacial  stream  in  the  depression  between  the  outer  portions  of  the 

Liida  and  Atrevida  lobes.    In  1906  there  was  only  a  small  stream  here,  but  in  1909  one 

d  the  largest  glacial  streams  of  the  region  was  flowing.     This  increase  in  volume  was 

probably  due  in  part  to  the  recent  breaking  of  the  glacier,  thus  exposing  the  ice  to  more 

npid  melting;  but  this  does  not  seem  to  be  a  sufficient  cause  for  so  great  an  increase. 

It  is  probable  that  a  still  more  efficient  cause  is  the  interference  with  and  destruction 

q{  the  subglacial  drainage  which  had  developed  during  years  of  stagnation,  and  which 

in  1905  and  1906  found  escape  at  the  southern  end  of  Lucia  Nunatak  on  the  opposite, 

or  western,  side  of  the  glacier.    The  advance  and  breaking  of  the  glacier,  so  notable 

near  the  nunatak,  must  have  destroyed  this  system  of  subglacial  drainage  toward  which 

most  ci  the  water  from  the  glacier  formerly  flowed.    Whether  the  new  drainage  all  went 

to  the  east  side,  or  whether  a  considerable  portion  still  emerged  on  the  western  margin 

eooki  not  be  determined;  but  that  a  large  proportion  escaped  through  the  eastern  stream 

Boertain. 

TUs  remarkable  change  in  condition  of  Lucia  Glacier  in  the  interval  between  August, 
UM,  and  August,  1909,  had  wholly  altered  the  appearance  of  the  glacier,  and  yet  we  con- 
dnde  that  the  thrust  by  which  the  change  has  been  caused  was  either  a  weak  one  or  else 
only  just  b^inning  to  make  its  efforts  felt,  probably  the  latter.  The  reasons  for  this 
eondiision  are  several,  all  based  upon  the  changes  which  a  similar  advance  brought  about 
m  other  ^aciers.  Compared  with  the  Atrevida  in  1906,  for  instance,  the  Lucia  in  1909 
was  far  less  broken,  and  the  piedmont  area  was  not  noticeably  thickened,  as  the  Atrevida 
was.  As  yet  there  had  been  no  development  of  great  crescentic  crevasses  in  the  piedmont 
bulb  as  was  the  case  in  the  Atrevida,  and  the  crevassing  did  not  reach  out  into  the  alder 
tone  as  it  did  in  the  Atrevida.  In  other  words,  the  stage  of  breaking  of  Lucia  Glacier 
was  m  1909  far  less  advanced  than  that  of  Atrevida  Glacier  in  1906.  It  was  far  less 
broken  than  the  Marvine,  Haenke  and  Variegated  Glaciers  also. 

In  view  of  the  rapidity  with  which  these  waves  of  advance  pass  down  a  glacier,  essen- 
tially the  whole  transformation  in  the  case  of  those  that  advanced  in  1906  having  taken 
place  ?athin  a  period  of  nine  or  ten  months,  it  is  not  improbable  that  the  lesser  develop- 
ment of  the  Lucia  advance  was  not  due  to  weakness  of  the  thrust  but  to  the  fact  that  our 
observations  were  made  too  early  and  before  the  advance  was  finished.  We  can  state 
with  certainty  that  the  entire  breakage  was  recent,  and  mainly,  if  not  entirely,  in  the 
Kason  of  1909,  and  that  it  was  still  in  progress  in  August.  The  proof  of  this  is  conclusive 
ud  of  several  kinds.  Most  noticeable  of  all  is  the  condition  of  the  crevasses  and  inter- 
crevasse  or  serac  areas  in  the  middle  of  the  glacier.  Although  well  below  snow-line,  and 
in  a  situation  where  ablation  is  rapid,  the  edges  of  the  crevasses  were  sharp  and  angular 
tt  if  freshly-broken,  and  the  serac  areas  were  still  so  completely  covered  with  ablation 
BKxraine  except  on  the  crevasse  faces  that  little  ice  was  seen  in  this  entire  area.  Even 
ittar  the  glacier  margin,  where  the  ice  was  so  broken  and  pinnacled,  a  large  part  of  the 
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ice  was  still  veneered  with  moraine,  a  condition  which  could  not  possibly  have  been 
the  case  had  ablation  been  long  active  on  this  maze  of  jagged  pinnacles. 

The  marginal  lakes,  and  the  formation  and  drainage  of  one  of  them,  point  to  the  con* 
elusion  that  the  advance  was  in  progress;  but  more  important  than  this  is  the  fact  that 
during  our  visit  the  ice  along  the  glacier  margin  was  being  broken  by  the  thrust.  Ab 
we  stood  on  Terrace  Point  for  a  few  hours  we  heard  ice  falls  every  few  minutes,  and  that 
this  had  been  in  progress  for  some  time  was  proved  by  the  presence  of  many  white  ioe 
patches  in  the  broken,  debris-covered  marginal  area,  caused  by  the  recent  fall  of  ioe^ 
and  even  more  noticeably  by  the  great  numbers  of  icebergs  floating  in  the  marginal  lake 
and  stranded  on  the  bottom  of  the  abandoned  lake. 

We  believe  that  these  facts  demonstrate  that  the  advance  of  Lucia  Glacier  began  no 
earlier  than  the  autumn  of  1908  (and  probably  even  more  recently),  and  that  it  was  in 
vigorous  progress  in  August,  1909.  We  have  no  reason  to  doubt  that  in  a  few  wedn  a 
notable  difference  would  have  been  observed  in  the  appearance  of  Luda  Glacier.  We 
looked  forward  with  the  utmost  interest  to  re-examining  this  glacier  in  1910,  for  it  was 
to  be  expected  that  great  changes  would  take  place  in  the  interval.  If  th^r  had  it  would 
have  given  basis  for  a  fuller  statement  of  the  nature  of  the  changes  in  these  advancing 
glaciers  than  is  now  possible.  Hitherto  the  advance  has  been  nearly  or  oomple^Uiy 
finished  when  observed,  but  in  this  case  there  is  reason  for  thinking  that  the  advance^ 
as  seen  in  1909,  had  not  reached  the  maximum.  The  ideal  plan,  had  it  been  posnbk^ 
would  have  been  to  stay  right  at  Lucia  Glacier  and  record  the  daily  changes  thiou^oat 
the  fall  and  winter. 

Condition  in  1910.  When  the  junior  author  returned  to  Yakutat  Bay  in  Jun^  191Qt 
he  regarded  the  observations  of  Lucia  Glacier  as  the  most  interesting  and  important 
which  it  was  his  privilege  to  undertake.  On  going  up  Yakutat  Bay  an  enormous  amoant 
of  floating  ice  was  encountered  and,  as  it  was  then  apparently  impossible  to  cross  to  the 
west  side  of  Yakutat  Bay,  the  investigation  of  the  Hubbard,  Nunatak  and  other  gladen 
was  undertaken  first,  in  the  hope  that  the  ice  jam  would  thin  sufficiently  in  the  course 
of  a  week  so  that  the  west  side  of  the  bay  and  Lucia  Glacier  might  then  be  reached. 

Upon  the  return  to  outer  Yakutat  Bay,  however,  the  ice  jam  was  undiminished  but 
three  attempts  were  made  to  penetrate  through  the  icebergs  to  the  west  side  of  the  bay, 
each  time  without  success.  A  camp  was  maintained  on  the  east  side  of  the  bay  and  the 
ice  was  watched  constantly  for  favorable  conditions  but  each  time  we  attempted  crossings 
the  launch  was  turned  back  by  the  ice  jam,after  some  arduous  and  dangerous  experienceSi 
Finally,  the  date  of  the  northward-bound  steamer  approaching,  it  was  necessaiy  to 
choose  between  not  seeing  Lucia  Glacier  in  1910  or  losing  two  weeks  or  a  month  (rftbe 
season  in  Prince  William  Sound,  where  the  author  had  been  directed  to  spend  most  of  the 
summer.  With  deepest  disappointment  the  Lucia  Glacier  observations  were  then  given 
up. 

Such  observations  as  could  be  made  with  field  glasses  from  high  points  on  the  eait 
side  of  Yakutat  Bay  revealed,  however,  that  Lucia  Nunatak  had  not  been  completdl^ 
overridden  and  that  the  stagnant  moraine-covered  outer  bulb  of  Lucia  Glacier  had  not 
been  broken  up.  The  ice  rode  little,  if  any,  higher  up  on  the  north  side  of  the  nunatak 
than  in  1909.  The  crevassed  glacier  surface  was  still  dark  with  large  amounts  of  ablation 
moraine  upon  the  serac  tables.  The  trees  upon  the  visible  outer  part  of  the  glacier  bulb 
were  undisturbed.     The  Kwik  River  and  smaller  streams  north  of  it  that  receive  Sh 
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charge  from  Luda  Glacier  seemed  not  appreciably  larger  than  in  1909,  although  as  the 
observations  were  made  fully  two  weeks  earlier  than  the  jimior  author  had  ever  been 
in  Yakutat  Bay  before,  and  as  snow  still  lay  on  the  ground  at  sea  level,  the  latter  point 
could  not  be  stated  with  certainty. 

These  scanty  and  tantalizing  observations  gave  the  impression  that  the  advance  of 
Locia  Glacier  had  not  continued  very  long  after  our  leaving  the  region  ten  months  before 
or  dse  that  the  rate  of  advance  had  slowed  down  so  that  changes  were  taking  place  very 
Jkmly  indeed. 

SiagnaHon  in  1911.  By  the  summer  of  1911  the  advance  of  Lucia  Glacier  was  all 
over,  for  it  was  easily  crossed  by  a  Boundary  Survey  party  in  that  year.  The  return 
to  stagnation  after  the  advance  of  1909  was  evidently  quite  as  rapid  as  in  the  other 
^aders  of  Yakutat  Bay  which  have  had  advances  stimulated  by  earthquake  avalanch- 
iBg.  It  was  partly  covered  by  ablation  moraine  when  seen  by  the  junior  author  from 
tbebay  in  1913. 

Atbevida  Glacier 

QiMral  Description.  Atrevida  Glacier,  which  is  much  shorter  than  the  Lucia,  is  an 
ice  tongue  of  similar  characteristics.  It  expands  much  more  in  its  lower  course,  however, 
being  only  about  a  half  mile  wide  in  its  deep  mountain  valley  but  flaring  out  rapidly  to 
a  mile  and  three  quarters  at  the  point  where  it  passes  between  Amphitheatre  Knob  on 
die  east  and  Terrace  Point  on  the  west,  and  coalesces  with  Lucia  Glacier.  The  whole 
^acier»  piedmont  bulb  and  all,  is  probably  less  than  ten  miles  in  length.  Several  streams 
Iknr  from  it  (a)  to  Kwik  River»  (b)  directly  to  Yakutat  Bay,  and,  (c)  by  Esker  Stream, 
from  the  eastern  side  at  the  base  of  Amphitheatre  Knob  (Map  2). 

C(mdition  in  1890  and  1906.  The  glacier  was  named  by  Professor  Russell  in  1890,^ 
wbo  described  it  in  about  the  same  terms  as  the  Lucia,  besides  showing  its  condition  by 
levenl  pictures.  The  1890  conditions  seem  almost  exactly  like  those  in  August,  1905» 
ibeo  we  obtained  a  bird's  eye  view  of  it  from  the  sunmiit  of  Amphitheatre  Knob, 
liiidi  rises  above  its  eastern  margin,  and  later  in  August  when  one  expedition  was 
made  in  various  directions  over  the  ablation  moraine  near  the  east  side  and  another,  by 
the  junior  author,  from  the  east  side  to  Terrace  Point  and  back  by  different  routes. 

The  exact  length  of  the  glacier  is  not  known,  but  the  valley  portion  is  probably  less 
than  five  miles,  while  the  distance  from  Terrace  Point  to  the  terminus  of  the  piedmont 
bulb  is  about  five  miles  more.  There  are  numerous  tributaries,  all  small,  so  far  as  seen, 
and  descending  in  steep  courses  as  cascading  glaciers.  In  the  lower  portion  of  the  valley 
theie  are  cascading  glaciers  which  no  longer  unite  with  the  main  glacier.  The  valley 
waDs,  which  attain  elevations  of  5000  to  6000  feet,  are  everywhere  steep,  showing  clear 
evidenoe  of  profound  valley  deepening  by  glacial  erosion,  and  between  them  lies  the  glacier 
with  a  width  of  two  or  three  miles,  broadening  toward  the  valley  mouth.  So  far  as 
observed  in  1905,  with  a  single  small  exceptional  area,  Atrevida  Glacier  was  in  a  semi- 
sUgnant  state  in  its  valley  portion  and  quite  stagnant  on  its  outer  portion  beyond  the 
nxmntain  front.  It  was  possible  to  travel  easily  on  any  part  of  the  glacier  and  we  walked 
fndy  over  its  surface.  For  a  mile  or  a  mile  and  a  half  within  its  mountain  valley  the 
^ader  was  covered  with  an  almost  continuous  sheet  of  ablation  moraine  and  the  surface 
WIS  an  undulating  waste  of  rock  fragments  of  all  sizes,  from  huge  angular  bowlders  to 

'NatGeog.  Mmg.,  Vol.  m,  1891,  pp.  Wtr-S,  and  Plates  10  and  11. 
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clay.  The  only  difficulty  in  travelling  and  packing  camp  outfit  over  this  surface  was 
the  unstable  position  of  the  rock  fragments  resting  on  the  glacier,  and  the  necessity  of 
constantly  climbing  ridges  and  knobs  and  descending  into  pits  and  valleys,  in  whatever 
direction  one  travelled.  There  seemed  to  be  no  system  to  the  hillocks  and  depressions, 
their  origin  being  evidently  differential  ablation  of  the  under  ice  which  the  moraine  pro- 
tected in  varying  degrees  according  to  the  local  thickness  of  the  moraine  cover. 

In  the  upper  portion  of  this  morainic  desert  the  amount  of  visible  ice  increased,  the 
moraine  cover  became  notably  thinner,  and  the  surface  was  less  irregular.  Some  cie- 
vassing  also  appeared,  but  nowhere  in  sufficient  amount  to  prevent  travelling  over  the 
glacier  except  in  one  small  section  where  a  dome  of  crevassed  ice  appeared  in  the  midst 
of  the  moraine  desert.  It  was  so  abnormal  a  feature  that  we  photographed  it,  tiilnlring 
that  it  represented  the  updoming  of  ice  in  passing  over  some  elevation  in  the  valley  bottom* 
We  predicted  the  existence  here  of  an  unborn  nunatak,  but  the  crevassed  dome  is  now 
interpreted  as  the  first  sign  of  the  coming  transformation  of  the  glacier  which  was  ob- 
served in  full  progress  in  1906.  Still  farther  up  the  glacier,  clear  ice  predominated  and 
finally  the  moraine  entirely  disappeared,  but  we  did  not  visit  this  part  of  the  glacier  and, 
therefore,  cannot  describe  it  in  detail. 

Nowhere  in  the  upper  part  of  the  valley  portion  of  Atrevida  Glacier  did  vegetation 
grow  in  the  ablation  moraine,  for  it  was  shifting  rapidly.  But  farther  down,  near  the 
end  of  the  valley  portion,  scattered  alder  bushes  and  clusters  of  alder  grew,  extending 
farther  up  the  valley  on  the  eastern  margin  than  in  the  center,  because  the  lateral  moraine 
deposits  were  thicker  and,  therefore,  under  more  stable  conditions.  Just  outside  the 
mountain  valley  portion  of  the  glacier  the  ablation  moraine  was  covered  with  alder,  and 
farther  out,  with  cottonwood  and  spruce.  These  bushes  and  trees  were  mature,  indicat- 
ing a  long  condition  of  stagnation  in  this  part  of  the  glacier.  The  stagnant  outer  part 
of  the  Atrevida  was  a  true  piedmont  bulb,  extending  four  or  five  miles  beyond  the  moan- 
tain  front  and  expanding  fan-shaped  until  it  attained  a  width  of  about  twice  that  of  the 
valley  portion.  On  the  western  side  it  coalesced  with  Lucia  Glacier.  As  already  stated 
in  the  description  of  that  glacier,  the  two  glaciers  were  separated  in  the  lower  portion 
by  a  V-shaped  valley,  then  by  an  interlobate  section  on  which  a  narrow  strip  of  alder 
grew,  and  above  this  the  two  glaciers  again  separated  a  short  distance  below  Terrace 
Point,  which,  \^ith  the  mountain  back  of  it  form  the  dividing  walls  between  the  vall^ 
portions  of  the  two  glaciers. 

Both  at  Terrace  Point  and  along  the  eastern  side  of  the  valley  portion  of  Atrevida  Glacier 
the  margin  had  a  thickly  moraine-covered,  moderately-sloping  embankment  which  we 
could  ascend  at  any  point.  It  formed  one  wall  of  a  marginal  valley,  carrying  some 
drainage.  On  the  west  side  there  was  little  drainage  from  either  the  Lucia  or  Atrevida, 
and  only  a  small  stream  escaped  in  the  V-shaped  valley  between  the  interlobate  portion 
of  the  coalesced  Lucia  and  Atrevida;  and  there  were  only  small  streams  emerging  from 
the  outer  portion  of  the  piedmont  bulb  which  rose  above  the  Kwik  valley.  A  snuiU 
stream  emerged  from  the  forest-covered  part  of  the  piedmont  bulb  on  the  eastern  side 
and  flowed  into  Yakutat  Bay,  but  it  was  easily  forded.  The  main  drainage  of  the  glacier 
emerged  from  the  east  side  at  the  base  of  Amphitheatre  Knob.  At  the  point  of  emex- 
gence  of  tliis  stream,  which  Russell  called  Esker  Stream,  there  was  a  low  cave  with  vertical 
or  overhanging  walls  above  which  the  ice  edge  had  a  slope  of  about  35^,  down  whidi 
a  few  stones  were  sliding.    The  ice  was  nowhere  heavily  debris-laden,  though  dirtiest 
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near  the  base.  There  were  a  few  crevasses,  dipping  like  joint  planes  at  an  angle  of  5^ 
or  10^  from  the  horizontal  and  suggesting  differential  ice  movement.  At  the  top  of  the 
200  foot  ice  slope  there  was  a  dense  alder  thicket  with  bushes  estimated  to  be  fifteen  or 
twenty  years  old.  We  are  inclined  to  interpret  the  slight  crevassing  of  the  ice  cliff'  as 
the  banning  of  the  advance  and  profound  breaking  which  were  observed  nine  months 
later. 

Professor  Russell  crossed  Atrevida  Glacier  in  1890,  starting  at  the  point  of  emergence 

(A  Esker  Stream,  with  his  entire  outfit.    From  his  description  we  are  led  to  infer  that 

the  Atrevida  was  in  essentially  the  same  condition  in  1905  as  in  1890.    One  of  the 

photographs  illustrating  his  report  ^  shows  the  glacier  surface  covered  with  ablation 

moraine;  another  shows  the  ice  cave  from  which  Esker  stream  emerges  and  we  could 

notice  scarcely  any  difference  in  its  form  in  August,  1905.    Russell's  description  of  the 

conditions  in  1890  was  as  follows*  ''The  waters,  brown  and  turbid  with  sediment, 

irdled  out  of  a  cavern  at  the  foot  of  an  ice  precipice  200  feet  high,  and  formed  a  roaring 

stream  too  deep  and  too  swift  for  fording.    .    .    .    The  dark-colored  ice,  mixed  with 

stones  and  dirt,  might  easily  be  mistaken  for  stratified  rock,  but  the  dirt  discoloring  the 

ice  is  almost  entirely  superficial.    The  crest  of  the  cliff  is  formed  of  debris,  and  is  the  edge 

oi  the  sheet  of  stones  and  dirt  covering  the  general  surface  of  the  glacier.    Owing  to 

tiie  constant  melting,  stones  and  boulders  are  continually  loosened  to  rattle  down  the 

ste^  slope  and  plunge  into  the  water  beneath.*' 

There  is  every  reason  to  believe  that  the  glacier  had  changed  very  little  for  many  years 
before  Russell's  visit.  Its  piedmont  portion  must  have  been  in  a  stagnant  state  for  at 
kist  a  half  century  before  1905,  otherwise  the  ablation  moraine  and  its  forest  could  not 
bve  devek>ped.  That  it  had  not  been  notably  more  expanded  for  an  even  greater  length 
of  tnne  was  proved  by  the  presence  of  a  mature  forest  growing  up  to  the  very  margin 
of  the  moraine-covered  ice.  No  notable  recent  recession  had  taken  place,  for  there  was 
only  a  very  narrow  area  along  this  margin  in  which  the  forest  did  not  grow.  From  the 
evidence  that  we  possess  we  feel  warranted  in  inferring  a  long  period  of  stagnation,  with 
no  notable  advance  or  recession  for  several  decades,  and  probably  for  more  than  half  a 
century.  Up  to  the  autumn  of  1905  the  Atrevida  was  a  fine  example  of  a  valley  glacier 
with  a  piedmont  terminus  completely  covered  with  ablation  moraine  and  in  the  outer 
portion  so  stagnant  that  it  bore  a  dense  growth  of  vegetation.  No  one  would  have  ex- 
pected that  such  a  glacier  would  suddenly  spring  into  activity,  and  such  a  thought  never 
occurred  to  us  even  when,  in  June  1906,  the  senior  author  approached  the  Atrevida 
with  the  purpose  of  traversing  a  route  westward  to  the  Malaspina  along  the  line  followed 
by  Russell  in  1890  and  by  the  junior  author  in  August,  1905. 

The  Advance  of  1906.  As  the  Geological  Survey  party  approached  the  margin  of 
Atrevida  Glacier  early  in  June,  1906,  never  dreaming  of  change,  the  first  surprise  came 
when  at  a  distance  of  several  miles  a  jagged  ice  cliff  was  seen  where  nine  months  earlier 
there  was  a  low,  moraine-covered  ice  margin,  bearing  forest;  and  later  investigation 
showed  that  the  entire  glacier,  with  the  exception  of  the  outermost  portion,  was  utterly 
transformed  and  quite  impassable.  A  bird's-eye  view  of  the  entire  glacier  was  obtained 
from  the  crest  of  Amphitheatre  Knob  (Pis.  XXVI,  XXVII),  which  rises  directly  above 
the  eastern  margin  of  the  Atrevida,  and  early  in  August  a  visit  was  made,  via  Floral 

^Boiidl,  I.  C,  An  Expedition  to  Mount  St  Elias.  Alaska,  Nat  Geog.  Mag..  Vol.  Ill,  1891,  PI.  X. 
>Nit  Geog.  Mmg.,  Vol.  III.  1891,  pp.  94-5. 
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Pass,  to  the  western  margin  at  Terrace  Point.  Such  a  sudden  and  absolute  change  in  a 
glacier  in  so  short  an  interval  of  time  had  never  before  been  observed  and  described,  so 
far  as  we  know. 

From  side  to  side,  and  from  as  far  up  the  mountain  valley  as  we  could  see,  down  into 
the  alder-covered  portion  of  the  piedmont  bulb,  was  such  a  sea  of  crevasses  (PI.  XX)  that 
there  was  no  direction  in  which  it  seemed  possible  to  cross  the  glacier;  and  even  to  ascend 
to  its  surface  proved  to  be  a  matter  of  great  difficulty.  Where  formerly  there  was  a  waste 
of  ablation  moraine,  with  no  ice  appearing  in  a  distant  view,  the  glacier  was  so  pro- 
foundly broken  that  clear  ice  appeared  on  every  hand.  Much  of  the  ablation  moraine 
had  disappeared  into  the  crevasses  and  during  the  summer  still  more  was  thus  removed^ 
so  that  the  glacier  surface  was  transformed  not  only  by  the  development  of  innumerable 
crevasses  but  also  by  the  loss  of  much  of  its  morainic  veneer.  Moraine  still  dung  to 
the  tops  of  the  broader  serac  ridges,  but  more  than  half  the  surface  was  clear  ice;  and 
instead  of  the  undulating  morainic  surface  there  were  ice  splinters,  pinnacles^  arfttes^ 
and  profound  crevasses  extending  in  all  directions. 

In  the  valley  portion  of  the  glacier  there  was  no  appearance  of  system  in  the  crevassing^ 
but  beyond  the  mountain  front,  where  the  glacier  spreads  out,  the  crevassing  assumed  a 
crescentic  form.  A  series  of  concentric  gashes,  with  radius  increasing  toward  the  outer 
portion  of  the  crevassed  area,  showed  their  crescentic  form  very  clearly  where  the  pure 
ice  was  opened  in  the  dark  ablation  moraine,  and  still  more  clearly  in  the  dark-gieen 
alder  zone.  It  was  almost  weird  to  see  these  ice-walled  gashes  rent  in  the  soil  in  which 
dense  thickets  were  growing,  but  it  showed  vividly  on  what  an  unstable  foundation 
the  vegetation  was  growing.  Toward  the  outer  margin  of  the  broken  area  the  crevasses 
gradually  died  out,  the  outermost  ones  being  short,  narrow  rents.  Ablation  was  proceed- 
ing with  rapidity,  the  soil  beneath  the  plants  was  sliding  down  the  slopes  and  into  the 
crevasses,  and  they  were  being  undermined  and  overturned.  It  was  evident  that  the 
alder  thickets  on  that  part  of  the  glacier  which  was  broken  were  doomed  to  destruction; 
but  whether  the  ice  would  be  still  further  broken  here,  or  whether  the  area  of  crevassing 
would  be  extended  farther  into  the  forest-covered  part  of  the  glacier  could  not  be  foretold. 

Not  less  remarkable  were  the  accompanying  changes  along  the  glacier  margin,  on  both 
the  east  and  the  west  sides.  At  Terrace  Point,  on  the  western  side,  the  ice  was  crowding 
up  on  the  land,  overriding  the  gravels  and  pushing  them  up  in  low  ridges.  Below  Ter- 
race Point  the  ice  had  pushed  out  some  distance,  in  the  low  interlobate  area  between  the 
Lucia  and  Atrevida  Glaciers,  overriding  a  camp  site  occupied  in  1905,  and  forming  a  new 
lake  by  the  extension  of  an  ice  dam  across  the  marginal  drainage  of  the  two  glaciers. 
The  ice  was  also  noticeably  thickened;  for  in  1905  the  Atrevida  had  about  the  same  ele- 
vation as  the  Lucia  where  the  two  coalesced,  the  boundary  between  the  two  being  marked 
by  a  strip  of  alder;  but  in  1906  this  alder  was  destroyed  by  lateral  thrust  and  the  area 
of  crevassed  Atrevida  ice  was  much  higher  than  the  ablation  moraine  of  the  adjoining 
stagnant  Lucia.  The  thickening  amounted  to  fully  200  feet  near  the  boundary  between 
the  two  glaciers.  At  the  same  time  the  crevassed  Atrevida  bulb  extended  across  the 
interlobate  section  into  the  area  of  the  Lucia,  and,  being  both  higher  and  much  crevassed, 
it  was  then  easy  to  trace  the  boundary  between  the  two  glaciers. 

A  noteworthy  feature  of  the  glacier  just  below  Terrace  Point,  and  thence  eastward 
three-quarters  of  the  distance  to  Amphitheatre  Knob,  was  a  roughly-crescentic  area  of 
white  ice  bordered  on  both  the  up-stream  and  down-stream  sides  and  on  both  margins  by 
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dfi>iis-oovered  ice.  The  surface  of  the  white  area  was  crevassed  as  badly  as  that  of 
tlie  smroimdiiig  debris-covered  glacier.  The  appearance  of  this  area  of  white  ice  (pp. 
78-0)  in  the  midst  of  moraine-covered  ice,  and  where  d6bris  had  previously  covered  the 
Racier,  was  a  puzzling  feature.  The  significance  of  this  feature  is  discussed  in  another 
diapter  (p.  187),  after  other  similar  areas  have  been  described. 

The  view  of  the  broken  glacier  from  Terrace  Point  (PL  XIX»  A)  showed  clearly  that  in 

IWW  Atrevida  Glacier  was  impassable  from  as  far  up  the  mountain  valley  as  we  could 

see  down  to  the  outer  border  of  the  crevassed  area  in  the  alder  zone.    This  view,  over  a 

month  later  than  the  one  from  Amphitheatre  Knob,  showed  considerable  change  in  detail 

ibou^  ablation,  but  otherwise  no  notable  difference  in  condition.    The  western  margin 

ol  the  leader  near  Terrace  Point  consisted  of  a  high,  crevassed,  inaccessible  ice  precipice 

lepladng  the  moderately-sloping,  moraine-covered  embankment,  up  and  down  which 

ire  easily  traveled  in  1905.    By  cutting  ice'  steps  all  the  way  this  margin  could  be 

tKended;  but  further  progress  was  barred  by  a  complex  network  of  profound  crevasses, 

lith  intervening  ridges  and  pinnacles,  that  could  not  be  crossed  with  a  camping  outfit. 

It  was  a  wonderful  contrast  to  the  easily-traversed  surface  of  1890  and  1905. 

Along  the  eastern  margin  titanic  changes,  quite  like  those  along  the  margin  of  the 
advancing  Marvine  Glacier  were  in  progress  before  our  very  eyes.  At  Esker  Stream  the 
iee  front  had  advanced  an  unknown  amount,  destroying  the  vegetation  on  the  slopes  of 
Amphitheatre  Knob.  The  moderately  sloping  cliff  of  1890  and  1905  was  changed  to  a 
jigged  precipice  of  broken  ice  blocks,  down  which  d6bris  was  incessantly  falling.  The 
cavefnnn  which  Esker  Stream  issued  had  disappeared  through  ice  faulting  (PI.  XXI,  A), 
ind  the  stream  had  increased  in  volume.  The  faulted,  splintered  ice  cliff  extended 
vestward  with  overhanging  cornices  due  to  horizontal  thrust  faulting  (PI.  XVII,  B). 
lathe  one  place  where  the  cliff  could  be  ascended,  further  advance  was  halted  by  deep 
crevasses  before  the  level  of  the  glacier  surface  was  reached.  The  morainic  soil,  with 
tk  bushes  growing  upon  it  had  disappeared  into  crevasses  or  had  slid  down  the  front 
o(  the  Racier.  Moraine,  ice,  and  wood  were  constantly  sliding  down  from  the  glacier 
boot,  the  avalanches  sometimes  including  score  of  tons,  and  it  was  always  dangerous 
to  the  observer.  By  this  material  the  coniferous  forest  growing  in  front  of  Atrevida 
Glacier  was  being  tilted,  buried,  and  destroyed,  including  alders,  underbrush,  and  trees 
over  50  years  old  (PL  XXII,  B).  The  breaking  also  resulted  in  exposing  to  melting  the 
buried  ice  that  had  long  been  protected  by  moraine  and  forest,  so  that  augmented 
streams  were  rapidly  cutting  into  the  soil,  gravels  and  rock.  All  this  change  had  taken 
place  between  August  23, 1905  and  June  26, 1906. 

CmdUion  in  1909.  Knowing  of  no  previous  observations  upon  the  behavior  of  glaciers 
^ffldergoing  abrupt  change  from  long  continued  stagnation  to  great  activity,  and  from 
broken  surface  to  impassably  crevassed  condition,  we  could  not,  in  1906,  predict  with 
wiy  certainty  what  was  in  store  for  the  Atrevida  Glacier.  In  view  of  the  suddenness  of 
tke  transformation,  and  the  rapidity  with  which  its  full  effects  spread  over  the  glacier, 
^ewere  prepared  to  believe  that  the  cycle  of  activity  would  be  a  brief  one  if  the  cause 
^earthquake  impulse  were  the  correct  explanation.  We  did  not,  however,  suspect 
^t  the  evidence  of  the  1909  observations  clearly  demonstrate,  that  the  advance  had 
Passed  its  height  and  had  almost  ceased  when  the  Atrevida  Glacier  was  being  studied 
^  the  summer  of  1906.  The  probable  future  of  Atrevida  Glacier  predicted  in  1906  by 
the  senior  author  was  that  the  alder  and  forest  growth  within  the  crevassed  area  would 


76 


ALASKAN  GLACIER  STUDIES 


Jiily^  1909.  The  surface  of  the  Baird  Glacier  of  southeastern  Alaska  was  lowered  an 
a  day  by  ablation  in  1893.  Muir  Glacier  surface  melted  2  inches  a  day  in  1890  and  ] 
On  the  broken  Atrevida,  much  nearer  the  sea,  and  at  a  lower  elevation,  the  rate  of  i 
tion  must  have  been  greater  than  that  on  the  Hayden.  But  when  the  ice  surface  fa 
again  to  be  sheeted  with  moraine  the  rate  of  ablation  must  have  notably  decreased. 
these  variable  factors,  and  the  absence  of  exact  measurements,  we  can  do  no  more 
make  the  general  statement  that  ablation,  at  first  rapid,  then  at  a  decreasing  rate,  hi 
greatly  lowered  the  surface  of  the  Atrevida  Glacier  between  August,  1906  and  July, 
as  to  partially  heal  the  crevasses  that  resulted  from  the  spasmodic  advance  of  19( 
that  it  was  possible  to  once  more  travel  over  its  surface. 

Specific  measurements  of  the  thickening  of  Atrevida  Glacier  through  the  1906  advi 
and  the  subsequent  thinning  through  ablation  before  1909  are  based  upon  a  pair  of  c 
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sections  of  Atrevida  Glacier  which  the  junior  author  made,  one  in  1905  before  the  adv 
had  commenced,  the  other  in  1909.  The  1905  and  1909  elevations  are  barometric.  1 
are  shown  in  the  three  profiles  of  Fig.  5.  The  slopes  and  elevations  of  the  1906  c 
section  are  hypothetical.  Each  cross-section  is  from  Esker  Stream  at  the  base  of  An 
theatre  Knob  on  the  east  side  of  Atrevida  Glacier  to  Terrace  Point  on  the  west  side, 
will  be  seen  that  the  1909  cliff  at  Esker  Stream  is  125  feet  higher  than  that  of  1905. 
suming  ablation  here  of  50  to  100  feet  we  should  have  had  an  ice  cliff  in  1906  of  400  tc 
feet.  The  thickening  would  therefore  be  175  to  225  feet  at  least.  In  the  middle  ol 
glacier  the  thickening,  similarly  computed,  must  have  been  at  least  130  to  180 
These  comparisons,  though  in  part  based  upon  rough  estimates,  clearly  indicate  g 
thickening,  and  may  safely  be  considered  minimum  measurements,  since  the  am< 
of  ablation  is  unknown,  our  calculation  being  based  upon  average  depth  of  crevasse 
or  near  the  bottoms  of  which  ablation  has  now  reduced  the  glacier  surface. 

The  margin  of  Atrevida  Glacier  was  examined  both  at  and  near  Esker  Stream  an 
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Terrace  Point.  In  the  latter  place  the  glacier  margin  had  lost  its  precipitous,  broken 
ice  cliff  which  was  replaced  by  a  moderately-sloping  embankment  of  moraine-covered 
ice,  steeper  than  in  1905,  but  ascended  easily  at  practically  all  points.  The  margin 
stood  almost  exactly  where  it  did  in  1906  having  melted  back  only  a  little,  leaving  a 
narrow  marginal  valley  with  no  vegetation  either  in  its  bottom  or  for  a  short  distance 
up  the  side  of  the  terrace. 

Along  the  eastern  margin,  near  Esker  Stream,  the  jagged  cliff  was  also  gone  and  one 
could  again  ascend  the  glacier  (PL  XXIII,)  but  up  a  much  steeper  slope,  with  thinner 
moraine  cover  than  in  1905.  The  broken  ice  cliff  above  Esker  Stream  (PI.  XXI,  B) 
was  healed  and  the  stream  once  more  emerged  from  a  well-defined  ice  cave  (PI.  XXII,  A) 
though  a  much  smaller  one  than  that  which  existed  previous  to  the  advance.  The 
stream  volume  was  greater  than  in  1905  but  less  than  in  1906.  It  was  clear  to  us, 
though  the  evidence  as  to  the  exact  amount  is  not  conclusive,  that  this  part  of  the  gla- 
cier continued  to  advance  for  a  short  distance  after  it  was  last  seen  in  1906.  This  is 
supported  by  photographs  in  the  two  years  showing  the  trees  at  the  ice  margin  just 
west  of  the  stream,  where  the  ice  had  advanced  many  yards  into  the  forest. 

Since  the  advance  ceased  there  had  been  a  slight  recession,  leaving  a  narrow  barren 
.xone  like  that  at  Terrace  Point.  At  the  base  of  Amphitheatre  Knob  there  was  a  confused 
mass  of  broken  and  battered  alder  which  was  bombarded  by  falling  bowlders  and  ice 
blocks  during  the  advance;  and  in  the  debris  that  acciunulated  at  the  base  of  the  ice  cliff 
-during  this  period,  were  incorporated  the  renmants  of  the  alder  thicket  that  grew  on 
the  glacier  margin  and  in  the  marginal  valley  into  which  the  ice  cliff  had  been  pushed. 
On  the  west  side  of  Esker  Stream,  overturned  and  inclined  spruce  trees  were  seen  in  the 
morainic  d6bris  at  the  base  of  the  glacier  margin  as  they  were  in  1906;  but  instead  of  a 
jagged  ice  cliff  rising  above  them  (PI.  XXII,  B),  and  constantly  discharging  bowlders, 
ice  blocks,  and  torrents  of  muddy  water  and  mud  flows  into  the  forest,  there  was  a  mo- 
raine-covered embankment  down  which  small  rock  slides  fell  occasionally  (PI.  XXIV,  A). 
The  destruction  of  this  forest,  so  actively  in  progress  during  the  simuner  of  1906,  had 
ceased;  but  the  effect  of  the  advance  on  the  fringing  forest  and  on  the  alder  thicket  grow- 
ing on  the  ice  was  strikingly  apparent.  There  were  hundreds  of  dead  and  dying  spruce 
trees  fringing  the  ice  and  partly  buried  in  the  morainic  d6bris,  and  there  were  thousands 
of  dead  alder  bushes,  often  in  windrows,  on  the  ice  surface. 

In  the  piedmont  ice  bulb  that  spreads  out  beyond  the  mountain  base  was  seen  evidence 
of  the  same  changes  as  have  already  been  described  for  other  parts  of  the  area.  It  is 
clearly  evident  that  the  advance  had  about  ceased  when  observed  in  1906  and  that  the 
outer  border  of  the  glacier  was  unaffected  by  the  advance.  It,  therefore,  still  retained 
its  forest  of  alder,  cottonwood,  spruce,  and  hemlock.  In  the  broken  area  the  crescentic 
rings  of  breakage  were  still  plainly  visible  but  ice  no  longer  appeared  in  them  and  no 
crevasses  were  seen.  Ablation  had  so  healed  the  scars  that»  viewed  from  a  distance,  the 
entire  surface  was  a  waste  of  ablation  moraine;  but  there  was  a  system  of  concentric 
crescents  of  ridges  and  valleys  developed  by  ablation  in  the  formerly  broken  area.  The 
extent  to  which  ablation  had  proceeded  here  since  1906  was  vividly  brought  out  by  the 
destruction  of  the  alder  thickets.  In  1906  the  alder  still  grew  on  the  inter-crevasse  areas, 
and  the  crevasses  formed  crescentic  white  gashes  in  a  field  of  green.  Now  the  alder 
was  all  dead  within  the  broken  area  and  it  lay  in  brown  windrows  piled  up  on  the 
moraine-covered  ice. 
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Thus,  proceeding  down  the  glacier  surface,  one  sees,  first,  barren  ablation  moraii 
with  no  vegetation,  then  ablation  moraine  with  crescentic  ridges  and  valleys  littered  wit 
dead  alder,  and  finally  ablation  moraine  covered  with  dense  alder  thickets  undistuibe 
by  the  advance.  No  evidence  as  to  the  extent  of  lowering  of  this  part  of  the  glaci< 
was  seen,  but  the  photographs  show  clearly  that  the  western  portion  of  the  piedm.OK 
bulb,  as  observed  from  Terrace  Point,  had  been  greatly  lowered,  and  that  a  series  < 
crescentic  ridges  and  valleys  had  developed  in  the  moraine-covered  outer  portion.  Tli 
amount  of  lowering  here  is  comparable  to  that  observed  elsewhere.  The  crescenti 
breaking,  and  the  ridges  and  valleys  which  have  succeeded  it,  present  the  appearanc 
of  viscous  flowage  of  an  underlying  ice  stream,  carrying  with  it  and  breaking  up  a  rigi 
upper  crust  of  ice. 

One  of  the  most  notable  features  on  the  Atrevida  Glacier,  as  seen  in  1909,  was  a  largi 
roughly-crescentic  area  of  clean  white  ice,  with  only  a  few  short  ridges  of  d^ris  upon  ii 
just  outside  the  mountain  front  (PL  XXV»  B).  Upstream  from  it  lies  the  valley  portio 
of  the  glacier  which  is  almost  completely  covered  with  d6bris;  and  downstream  from  i 
lies  the  area  of  crescentic  crevassing  of  the  piedmont  bulb,  already  described.  Tfai 
clear  ice  area  extended  westward  nearly  to  Terrace  Point,  broadening  in  that  directio 
and  occupying  a  part  of  the  bulb  which  protrudes  toward  Lucia  Glacier — the  part  of  th 
Atrevida  in  which  there  was  the  greatest  thickening  and  forward  movement.  In  190 
the  site  of  this  area  of  clear  ice  was  occupied  by  moraine-covered  ice,  but  in  19W 
(Pis.  XXYI,  XXVn)  as  already  mentioned,  it  appeared  in  the  broken  glacier  surface  i 
an  area  of  somewhat-domed,  clear  ice  (PL  XXV»  A)  surrounded  by  broken,  partial]} 
d6bris-covered  ice.  On  its  inner,  or  up-stream,  side  the  glacier  surface  rose  abruptly  i 
1909,  as  a  high  wall  covered  with  moraine,  and  above  this  the  glacier  was  almost  con 
pletely  covered  with  ablation  moraine.  The  clear  area  was  fully  a  mile  and  a  half  Ion 
(from  east  to  west)  and  half  or  three  quarters  of  a  mile  wide  in  the  middle,  which  is  th 
widest  part,  narrowing  toward  both  the  east  and  the  west.  It  had  spread  somewhat  i 
the  interval  between  our  photograph  of  1906  and  the  period  of  observation  in  1901 
In  1909  moraine-covered  ice  rose  above  the  clear  area  on  the  down-stream  side  and  o: 
both  ends  as  well  as  on  the  up-stream  side,  but  the  change  was  less  abrupt  and  pro 
nounced  in  these  directions  than  up-stream.  The  clear  ice  area  formed  a  distinct  dc 
pression  in  the  glacier  surface.  Down-stream  the  clear  ice  area  gradually  died  oul 
bands  of  debris  appearing  in  it.  The  fact  that  this  area  was  lower  than  the  surroundin, 
d6bris-covered  ice  is  probably  the  result  of  more  extensive  ablation  in  the  clear  part  of  th 
glacier;  and  that  there  had  been  much  ablation  here  is  further  proved  by  the  fact  tha 
most  of  the  crevassing,  by  which  the  area  was  severely  broken  in  1906,  had  disappeared 
Many  shallow  crevasses,  broadened  by  melting,  still  remained,  but  they  were  only  th> 
remnants  of  the  former  extensive  gashes, — the  crevasse  bottoms.  The  surface  wa 
quite  rough,  but  travel  over  it  was  not  difiSicult,  only  short  detours  being  necessai^ 
to  avoid  the  crevasses  (PL  XXIV,  B).  Although  not  directly  on  the  route  it  wa 
chosen  as  the  easiest  path  from  Amphitheatre  Knob  to  Terrace  Point. 

In  seeking  the  explanation  for  such  a  peculiar  area  of  clear  white  ice  in  the  midst  of  i 
waste  of  ablation  moraine  we  are  aided  by  four  noteworthy  facts:  (1)  it  has  appeared  as  i 
result  of  the  1906  advance;  (£)  morainic  d6bris  that  covered  the  ice  on  this  site  in  1901 
had  disappeared,  for  practically  none  remained  even  in  the  crevasse  bottoms;  (3)  thi 
clear  ice  area  was  distinctly  domed  in  1906;  (4)  some,  at  least,  of  the  layers  of  ice  in  th< 
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white  area  are  hi^ly  inclined  and  in  some  cases  vertical.  All  these  facts  harmonize  with 
the  hypothesis  that  at  this  point  there  was  an  upwelling  in  the  glacier,  bringing  clear  ice 
to  the  surface  and  pushing  aside  the  debris-covered  ice  that  previously  stood  here.  We 
arenot  able  to  postulate  any  other  hypothesis  which  will  explain  these  notable  facts. 
The  process  which  we  conceive  is^  first,  the  fairly-free  flowage  of  the  ice  down  the  mountain 
vall^.  Beyond  the  mountains  further  flowage  was  resisted  by  the  stagnant,  expanded 
bulb,  which,  being  thin,  was  too  rigid  to  easily  yield  to  the  pressure  upon  it.  It  yielded 
somewhat,  however,  and  a  series  of  crescentic  gashes  were  opened  in  the  piedmont  area* 
but  the  resistance  was  so  great  that  relief  for  the  pressure  from  above  was  found  in  three 
other  ways:  (1)  by  an  advance  westward  toward  the  most  open  area,  (£)  by  a  pronounced 
thickening  and  doming  of  this  part  of  the  glacier,  and  (3)  by  the  uprising  of  ice  from  below. 
The  future  of  this  area  of  clear  ice  seems  to  promise  the  development  of  an  interior 
flat — a  nearly  moraine-free  depression  in  the  midst  of  ablation  moraine  such  as  is  ob« 
served  in  the  Variegated,  Galiano,  and  other  glaciers.  The  cause  for  these  interior  flats 
has  hitherto  been  a  mystery  to  us,  but  this  hypothesis  offers  an  explanation.  Further 
consideration  of  this  subject  will  be  deferred  to  a  later  chapter  after  the  characteristics  of 
other,  older,  and  better-developed  interior  flats  have  been  studied.  If  this  hypothesis 
is  correct  the  phenomenon  of  interior  flats  must  have  an  important  bearing  on  the  ques- 
tion of  the  mode  of  motion  of  glaciers.  Many  facts  observed  in  this  region  of  advancing 
glaciers  point  to  viscous  flowage  as  the  mode  of  motion,  but  the  discussion  of  this  subject 
also  will  be  deferred  until  other  facts  of  observation  have  been  stated. 


CHAPTER  V 

THE  GALIANO  AND  BLACK  GLACIERS 

Galiano  Glacier 

General  Description.  Although  small,  this  is  one  of  the  most  interesting  {^aciers  of 
the  Yakutat  Bay  region.  It  has  been  known  since  1890  when  Russell  named  and  de- 
scribed it,  and,  although  it  has  undergone  some  remarkable  changes  in  the  interval,  its 
general  features  are  now  much  as  in  1890  (Map  2,  in  pocket). 

Like  many  other  neighboring  glaciers,  the  GaUano  consists  of  two  quite  different  parts, 
s,  valley  glacier  portion  and  an  expanded  piedmont  bulb  beyond  the  mountain  front; 
but  to  one  unfamiliar  with  the  phenomena  of  ablation  moraines  neither  the  bulb  nor  the 
valley  portion  looks  like  a  glacier,  for  in  all  but  a  few  places  the  ice  is  obscured  from  view 
by  thick  moraine,  bearing  alder  on  the  outer  portion.  The  vall^  which  the  Graliano 
Glacier  occupies  b  broad,  deep,  and  cirque-like  with  steeply-rising  walls,  and  is  enclosed 
in  mountains  which  rise  to  elevations  of  5000  to  6000  feet  and  bear  a  heavy  cover  of 
snow.  From  these  snowfields  several  cascading  glaciers  descend  (PL  XXVlU.),  especially 
at  the  very  head  of  the  valley,  supplying  the  ice  for  the  glacier  and  a  large  part  of  the 
morainic  debris  which  coats  its  surface;  but  some  of  this  is  also  supplied  by  avalanche& 
from  the  bare  rock  slopes  which  have  been  steepened  by  glacial  erosion.  The 
of  falling  stones  is  heard  every  few  minutes  when  one  is  in  this  valley. 

The  cascading  tributaries  are  a  mile  to  a  mile  and  a  half  long.    The  valley  portioi 
of  the  glacier  is  about  three  miles  and  the  piedmont  bulb  is  three  quarters  of  a  mile  loi 
and  a  mile  wide.     The  breadth  of  the  glacier  at  the  entrance  to  the  mountain 
is  three  quarters  of  a  mile  while  in  the  mountain  valley  the  width  is  only  a  little  over  ^m 
quarter  mile.     With  the  steeply-rising  snow-capped  sides  and  head  and  the  broad  lower 
part,  one  is  greatly  deceived  in  the  length  of  the  valley  when  seen  from  a  distanced 
It  does  not  appear  to  be  more  than  a  mile  or  two  long.    The  glacier  has  a  slopes 
from  the  mouth  of  the  valley  to  its  head  of  between  10  and  15  degrees.    At  no  timi 
when  observed  has  this  glacier  been  much  crevassed,  though  in  1905  crevassing 
observed  near  the  valley  head;  and  where  the  tributaries  entered  there  werfe  alao 
of  decided  crevassing.     Below  its  crevassed  uppermost  portion  the  Galiano  Glacier^ 
has  the  appearance  of  stagnation,  an  appearance  which  finds  ready  explanation  in  the- 
small  size  of  the  contributing  glaciers.     Indeed,  it  seems  quite  remarkable  that  such  a 
limited  ice  supply  could  maintain  a  glacier  of  such  length  and  breadth  with  its  lower' 
end  nearly  at  sea  level;  and  it  is  very  doubtful  if  they  could  do  so  were  it  not  for  the  fact 
that  the  wasting  of  a  large  part  of  the  glacier  is  greatly  retarded  by  the  moraine  cover 
which  it  bears. 

Just  within  the  mountain  valley,  on  either  margin  of  the  glacier,  there  is  a  marginal 
vallev  with  moraine-covered  ice  for  one  wall  and  the  mountain  rock  for  the  other.  In 
each  of  these  valleys  is  a  marginal  stream,  that  on  the  west  side  being  much  the  larger 
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A.     Looking  cp  Lccia  Giacier  frou  Chest  of  Ldcia  Nunatak 

ManuDe-covered  ice  in  foregrouiid.     Mount  Coolc  in  background.     Fhotogrsph  from  Station  D 

(Map  i),  August  23,  IMS. 
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B.     Eastern:  Majioin  or  ATREt-iDA  Gucieli 
Advancing  into  alder  thiclLet  at  wcatem  base  of  Amphithealrc  Knub.     Photoipapl 


;  190U 
o%-ing  lapidly.    In  1H90,  1905, 
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was  stagnant  and  without 


The  Crevabbed  Surface  of  Atrbvida  Glaher 
omSUtion  C  (Map  S),  Terrace  Poinl.  Aiigusl.  1906 


B.     Atkkvid.i  Glacier 
i  upper  vitw.  .Ttily,  11KHI.     Awin  niunllcfl  H-itli  abUlioii  mora 
WgpJj-  licnicd;  but  aurfact  bulh  liiglicr  and  roiighcr  than  in 
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A.      TtiNNKL  FROH  Hiiicn  EsKER  Stdeau  Emerced  IN  1909 
at  1906  is  healed  (see  PlRle  XXI,  B)  and  the  tunnel  resembles  that  ol  the  cariier  }-ears. 


'  Atre\'ida  Glacier.  West 
Jagged  ice  otiR  on  riRht  where,  in  190a,  it  was  nisy  to  ascead.  ov^t  moraine  waste,  up  a  mod- 
erate slope.   From  this  cliff  blocks  of  ice  and  bowlders  were  cimslaotly  falling  while  the  photognipfa 
was  being  taken.     Note  the  trees  bnng  buried  in  the  morainic  debris  and  oi'ertumed  by  the  ice 
shove.     Photograph  taken  July  10, 1906. 


A.      MuRAINE  COTXRBD  ICE  OF  AtREVIDA  GlACIEB 

irith  fomt  tne»  u  a  icsult  <d  the  1Q05-C  advuice.    Fhotognph,  1900. 


B.     IiiK  White  Ice  ok  tub  Kvtiiik  Imebior  Fwt 
II  Dk'  Atrt'iiilii  Cliuiur  bulb  during  the  tuhitnce  uf  1905-6.    Photognph,  1909. 


In  leOG  (upper  [ncture)  and  1909  <li 


AtREVIDA   GLAnER  FROM   AllPHITBEATnE  KnOB 

The  crevassrd  butb  of  Atn^ida  Glacier  with  Floral  Hills  in  background.     Morainic  wajte  of  Lud*  GUder  between 
Glacier  and  ill?  Floral  Hilb.     Photograph  [rum  Station  A  (Map  2),  on  June  29,  1906.    See  Plate  XXVII. 


Plate  XXVII 


Pot  description,  »ee  Plate  XXVI.    The  two  pictures  form  ft  coDtinuoiu  panaranu. 


A,     Veuktatihn  ox  Piedmont  Bulb  or  Galiaso  G 
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in  1S09.  Well  within  tlie  mountain  valley  tiie  marginal  valley  disappears,  the  glacier 
mergLDg  into  talus  from  the  moiwtun,  and  still  hi^er  into  snow  fans  where  snow  has 
tralanclied  down  the  mountfun  sides  in  such  masses  that  sunmier  melting  at  that  elevation 
iiincapable  of  removing  it.  The  marginal  valleys  and  the  marginal  streams  present  some 
btnesting  features  which  are  described  in  later  p^es. 

Beyond  the  mountains  the  Galiano  Glacier  expands  into  a  piedmont  bulb  more  than 
ilooble  the  width  of  the  valley  glacier.  It  does  not  expand  westward  to  a  great  extent, 
diidy  because  the  mountain  wall  extends  farther  out  in  that  direction,  but  partly  be- 
ciuae  it  is  tzimmed  on  that  side  by  the  large  glacial  stream  that  flows  down  the  western 
iiiugiiial  valley  and  then  turns  eastward  to  enter  Yakutat  Bay.  This  expanded  bulb  is 
j¥^nr*i*^y  covered  with  ablation  morune,  and  in  the  outer  portion  ice  can  be  seen  in 
<H)jr  ft  few  mull  patches;  in  fact  in  the  extreme  eastern  part  we  were  unable  to  find  any 
io^  tTnTBgh  its  iwesence  was  confidently  inferred  from  the  h^ght  of  the  moraine,  its  ir- 
npdar  Mnboe,  and  the  great  amoimt  of  cold  water  that  emerges  from  it.  The  margin 
of  tte  ioe  bnlb  is  an  insular,  himunocky  embankment  whose  base  is  essentially  at  sea 
IbvcL  and  whon  eastern  end  lies  just  bade  of  the  beach.  The  surface  of  the  ice  bulb 
iss  maae  of  hmnmocks  and  depressions  with  the  rou^y  crescentic  arrangement  so  typical 
of  iMiitv™  nunaines  on  expanded  piedmont  bulbs.  That  this  glacier  had  the  same  gen- 
cnl  coracfition  in  1890  as  in  1909  is  proved  both  by  Russell's  photographs  and  by  his 
description.  He  s^s  "Debris-covered  ice  streams,  too  small  to  reach  the  water,  are 
tyiMcal  of  a  large  class  of  ^aders  in  southern  Alaska,  which  are  slowly  wasting  away  and 
have  becrane  buried  beneath  dAris  concentrated  at  the  surface  by  reason  of  their  own 
■adting.    Hie  Galiano  Glacier  is  a  good  example  of  this  class." ' 

Along  the  aouthem  base  of  the  {^ader  bulb  an  alluvial  fan  is  bdng  built  up  by  the  stream 
from  the  western  maxffn  of  the  Galiano  and  to  a  lesser  degree  by  small  streanu  that 
issue  from  the  glaoer  front.  Beyond  this,  during  the  period  of  oiu-  observation,  was  a 
scries  of  low  morainic  hummocks  between  which  Sow  the  distributaries  of  Esker  Stream 
from  the  Atrevida  Glacier.  There  is  good  reason  for  b^eving  that  ice  still  exists  beneath 
this  entire  area  and  that,  in  reahty,  what  seems  to  be  the  terminus  of  the  GaUano  Glacier 
bulb,  as  described  above,  is  only  the  margin  of  a  part  of  the  glacier  which  remains  higher 
than  the  rest  because  of  a  more  recent  supply  of  ice  and  of  its  protection  from  ablation 
by  the  morainic  cover.  The  depressed  area  of  the  piedmont  bulb  beyond  the  apparent 
fnmt  of  the  glacier  is  interpreted,  in  part  at  least,  as  an  interior  flat,  lowered  by  melting 
until  it  became  the  seat  of  alluvial  fan  deposit;  but  the  area  beyond  this  portion,  which 
coomsts  of  morainic  hummocks,  probably  represents  the  moraine-covered  outermost 
portion  of  the  piedmont  bulb.  The  Galiano  Glacier  is  believed  to  expand  beyond  the 
mountain  front  into  a  bulb  with  many  times  the  area  of  that  which  is  now  visible,  and 
to  reach  five  miles  or  more  from  the  mountain  base,  attaining  a  width  of  two  or  three 
miles  in  its  broadest  portion.  That  the  bulb  is  not  wider  is  due  to  the  fact  that  it  forms 
the  shore  of  this  part  of  Yakutat  Bay,  and  has,  therefore,  been  cut  oS  on  the  eastern  side. 
This  interpretation  of  conditions  in  front  of  the  visible  piedmont  bulb  of  the  Galiano 
Quer  is  based  upon  a  number  of  facts,  the  most  significant  of  which  are  a  series  of 
uAsble  changes  in  condition  between  1890  and  1905,  and  between  1905  and  1909.  These 
diaoges  affected  both  the  visible  piedmont  area  and  the  region  to  the  south  of  it.     Their 

'BuMdD  I.  C.  An  ExpedHirai  to  Uount  St.  Eliu.  Alaska,  Nat.  Get«.  Mag.,  Vol.  Ill,  1891,  p,  lOI. 
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nature  and  significance  can  best  be  stated  by  showing  the  condition  of  the  area  in  the 
several  periods  of  observation,  namely  in  1890  and  1891  by  Russell,  in  1905  and  1906  by 
the  U.  S.  Geological  Survey  parties,  and  in  1909  and  1910  by  the  National  Geographic 
Society  expedition. 

Conditions  in  1890-1891.  In  his  expedition  of  1890  Professor  Russell  landed  on  the 
west  side  of  Yakutat  Bay  near  Galiano  Glacier,  and  he  has  given  us  both  a  description 
of  it  and  several  photographs  in  1890  and  1891  from  which  we  can  determine  its  princi- 
pal characteristics.  He  states,^  for  example,  that  "'a  little  way  back  from  the  ahoie 
clumps  of  alders,  interspersed  with  spruce  trees,  marked  the  beginning  of  the  forest 
which  covered  the  hills  toward  the  west  and  southwest."  Near  this  rose  a  densely  wooded 
hill  "" about  300  feet  high,  with  a  ciurvring  outEne,  convex  southward,"  which  lay  "at 
the  mouth  of  a  steep  gorge  in  the  hills,"  plainly  referring  to  the  Galiano  valley.  Attracted 
by  the  peculiar  appearance  of  the  hill  he  forced  his  way  "" through  the  dense  thickets" 
to  its  top  where  he  "'found  a  large  kettle-shaped  depression,  the  sides  of  which  were  solid 
walls  of  ice  50  feet  high."  Continuing  toward  the  "steep  gorge  in  the  hills"  he  forced 
his  "way  for  nearly  a  mile  through  dense  thickets"  before  reaching  the  "broad  open 
fields  of  rock  and  dirt"  which  "completely  conceal  the  ice  and  form  a  barren,  nigged 
surface,  the  picture  of  desolation." 

This  description  does  not  fit  any  conditions  existing  in  this  vicinity  in  1905  or  later 
years,  and  we  might  suspect  that  some  other  region  was  referred  to  were  it  not  for  the 
fact  that  Russell's  photographs  show  clearly  that  the  outer  Galiano  Glacier  at  that  time 
was  covered  with  vegetation.  In  his  photographs  the  entire  visible  bulb  b^ond  the 
mountains  is  darkened  by  vegetation  (PL  XXIX).  From  these  photographs  it  is 
evident  that  the  continuous  vegetation  extended  well  within  the  mountain  vaUey,  and 
on  the  inner  side  became  thinner,  and  was  then  succeeded  by  isolated  patches,  and 
finally  by  the  moraine  desert.  This  vegetation  on  Galiano  Glacier  bulb  is  shown  in  a 
Boundary  Survey  photograph  in  1895,  also  proving  that  the  vegetation  was  present  four 
years  before  the  1899  earthquakes.  The  same  photograph  shows  vegetation  out  be- 
yond the  present  bulb  of  Galiano  Glacier  where  now  there  is  only  a  barren  alluvial  fan. 

Russell's  photographs  also  show  an  even-surfaced  alluvial  fan  continuous  in  1890  and 
1891  from  the  visible  margin  of  the  piedmont  bulb  southward  for  two  miles  or  mast. 
Over  this  fan  the  waters  of  Esker  Stream  and  the  stream  from  the  western  margin 
of  Galiano  Glacier  flowed  in  many  distributaries.    The  surface  of  the  fan  was  diversified 
only  by  the  stream  channels  and  was  so  smooth  that  the  streams  were  evidently  ahifting 
constantly,  for  no  vegetation,  not  even  annual  plants,  grew  over  most  of  the  surface. 
It  was  such  a  perfect  alluvial  fan  that  one  would  never  suspect  that  it  was  built  on  Racier 
ice.    Two  small,  low  patches  of  alder  and  two  low,  narrow,  alder-covered  ridges  rose 
above  a  portion  of  the  alluvial  fan  near  the  sea,  proving  that  these  sections  rose  hif^  enou^ 
to  be  above  the  reach  of  the  shifting  streams;  but  there  is  no  indication  as  to  their  nature. 
Probably,  however,  they  represent  moraine  knolls  and  ridges  not  yet  consumed  or  buried 
by  the  fan-building  streams.    One  of  Russell's  photographs  was  taken  from  a  gravd  knoD 
which  remained  in  1905  and  1909.    It  is  an  overridden  gravel  renmant,  bearing  bowlders 
and  till  on  its  surface,  showing  that  after  its  formation  it  was  covered  by  glacier  ice. 

Conditions  in  1905.    When  we  visited  this  region  in  1905  it  required  only  a  glance  to 
see  that  there  had  been  important  changes  in  the  interval  of  15  years  since  Russell's 

t  Riusell,  I.  C.»  An  Expedition  to  Mount  St.  Elias,  Alaska,  Nat.  Geog.  Mag.,  VoL  III.  1801,  pp.  80-60. 
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observations,  and  in  the  ten  years  since  the  Boundary  Survey  photograph  was  made. 
Accordingly,  although  the  full  significance  of  the  changes  were  not  then  clear  to  us,  we 
made  comparative  observations  and  photographs  from  Russell's  sites  and  studied  the 
Racier  and  vicinity  with  his  descriptions  before  us.  There  were  two  noteworthy  changes, 
one  in  the  glacier  itself,  the  other  in  the  alluvial  fan  just  described. 

On  the  glacier  the  alder  and  forest  cover  was  entirely  destroyed,  and  our  1905  photo- 
gnphs  show  barren  ablation  moraine  from  far  up  the  mountain  vaDey  clear  down  to  the 
visible  front  of  the  piedmont  bulb.  Even  on  the  most  stagnant  eastern  portion  the  forest 
waa  gone,  and  here  were  found  quantities  of  dead  wood,  including  mature  tree  tnmks. 
In  other  places  mature  alder  Uttered  the  surface  of  the  piedmont  bulb  or  was  mixed  with 
the  morainic  debris,  and  in  two  places  the  dead  trunks  were  seen  in  considerable  num- 
bers, upright  and  in  place.  Near  the  centre  of  the  glacier,  60  feet  above  sea  level,  we 
found  twenty  or  more  small  trees,  the  oldest  with  25  annual  rings  (PI.  XXX,  B). 
Tliey  increased  in  size  upward,  as  if  standing  upside  down,  but  had  downward-pointing 
roots  for  the  lower  visible  S  or  4  feet.  These  roots  extended  from  shaggy  bark,  proving 
that  the  upward-expanding  tree  renmants  were  not  tap  roots,  and  indicating  that  the 
last  months  of  life  of  these  trees  involved  such  adverse  circiunstances  of  soil  encroach- 
ment that  roots  were  sent  out  at  higher  and  higher  levels  as  the  lower  portions  were 
buried.  A  yard  or  less  above  the  highest  roots  the  trees  were  torn  off  and  the  frayed 
^ilinters  were  bent  down. 

The  alluvial  fan  was  as  completely  altered  as  the  forest  on  the  glacier.    Not  only 

coald  it  no  longer  be  seen  from  the  sites  of  Russell's  pictures,  which  we  carefully  located, 

Wt  there  was  no  such  perfect  fan  anywhere  between  the  Galiano  Glacier  and  the  Kwik 

Biver.    In  its  place  was  a  series  of  low,  undulating  moraine  hills  (PL  XXX,  A),  some 

d  them  strewn  with  angular  bowlders,  such  as  characterize  ablation  moraine,  between 

^AaA  flowed  the  muddy  branches  of  Esker  and  Galiano  streams.    These  streams  were 

boiUfing  up  the  depressions  in  the  moraine  and  here  and  there  were  trimming  the  edges 

of  the  knolls.    Besides  the  muddy  glacial  streams  there  were  innumerable  cold,  clear- 

witer  streams  emerging  from  the  moraine,  and  small  pools  of  clear,  cold  water  in 

the  depressions.     There  was  a  roughly  concentric  arrangement  of  the  morainic  hills 

with  the  concave  side  toward  the  Galiano  Glacier.    These  morainic  hillocks  extended 

down  to  the  shore  of  Yakutat  Bay  (PI.  XXXI);  and  that  they  also  extended  out 

Qoder  its  waters  was  indicated  by  the  pronounced  shallowness  of  the  water  off  shore 

tlong  this  coast,  which  caused  icebergs  to  be  stranded  in  far  larger  numbers,  and  to  a 

greater  distance  out  from  the  coast  than  is  common  along  the  shores  of  the  bay.    The 

moraine  hillocks  were  found  not  only  in  the  area  of  the  former  alluvial  fan,  but  extended 

even  to  a  distance  of  two  or  three  miles  to  the  south  of  Russell's  photographic  site.    In 

this  outer  portion  we  have  no  photographic  proof  of  the  condition  in  1890,  but  the  close 

resemblance  of  the  low,  barren,  conical  hills,  ridges  and  groups  of  morainic  hills  in  this 

Mea  to  those  already  described  leads  us  to  class  them  together  as  to  cause.     This  con- 

duaon  is  further  supported  by  the  presence  here  of  great  numbers  of  tree  trunks  which 

taered  the  surface.      Some  of  these,  especially  in  the  depressions  near  the  coast,  were 

iwbtless  brought  and  perhaps  destroyed  by  the  earthquake  water  wave  which  swept 

e^      this  coast  in  September,  1899;  but  others,  resting  above  the  line  of  driftwood  that  this 

^ave  brought,  and  even  embedded  in  the  moraine  of  the  hillocks,  cannot  have  been 

biou^t  by  the  earthquake  wave. 

We  fed  confident,  therefore,  that  some  great  change  had  occurred  here  which  had  de- 
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stroyed  the  existing  forest  and  roughened  the  surface  by  the  introduction  of  morainic 
knolls  since  1890,  and  that  this  change  had  operated  not  only  on  the  visible  piedmont 
bulb  of  Galiano  Glacier,  but  also  for  a  distance  of  four  or  five  miles  south  of  where  ice  is 
now  visible. 

From  our  study  of  the  photographs  of  1890  in  comparison  with  the  conditions  in  1905 
and  later  years  we  believe  that  there  has  been  an  advance  of  the  visible  front  of  the 
piedmont  bulb  of  Galiano  Glacier,  and  a  recession  of  the  coast  line  inmiediately  to  the 
southeast  of  it;  but  the  photographs  were  not  taken  from  the  right  points  of  view  to  make 
it  possible  to  state  this  as  a  positive  fact. 

While  there  had  been  such  widespread  and  complete  destruction  of  alder  and  other 
growth  of  vegetation  over  a  wide  area,  it  is  a  noteworthy  fact  that  the  vegetation  had 
again  begim  to  grow  on  this  area  in  1905.  On  the  visible  piedmont  bulb  were  many  indi- 
viduals and  some  clusters  of  young  alder,  five  or  six  years  old,  while  similar  growth,  with 
an  abundance  of  annual  and  perennial  plants,  had  taken  possession  of  favorable  portions 
of  the  moraine  hillocks  that  have  replaced  the  alluvial  fan.  If  additional  proof  were 
necessary  of  the  recency  of  the  appearance  of  this  morainic  surface  the  condition  of  the 
vegetation  would  furnish  it.  In  this  climate,  close  by  the  sea,  alder,  cottonwood  and 
spruce  thrive:  in  fact,  they  extend  even  farther  up  the  fiord  and  also  clothe  the  hill  slopes 
that  rise  to  the  west  of  this  area.  The  morainic  soil  is  unquestionably  capable  of  sup- 
porting  such  growth,  for  in  the  interval  between  1905  and  1909  the  development  of  the 
alder  has  been  remarkable.  That  such  vegetation  does  not  already  thickly  clothe  the 
moraine  areas  can  be  accounted  for  only  as  a  result  of  the  fact,  proved  by  other  evidence 
equally,  that  the  moraine  has  not  been  here  long  enough. 

Irderpretation  of  the  Changes,  These  phenomena,  which  puzzled  us  greatly  in  1905,^ 
were  interpreted  in  1906  by  the  senior  author  as  follows.'  Galiano  Glacier  possessed 
features  in  1905  not  shared  by  the  Black  Glacier  on  the  east  and  the  Atrevida  Glacier 
on  the  west.  The  puzzling  new  morainic  hillocks  and  ridges  were  concentric  and  faced 
Galiano  Glacier  whose  forest  had  been  destroyed  since  1890.  This  destruction  followed 
a  long  period  of  stagnation,  as  shown  by  the  dense  alder  thicket  and  forest  that  grew  an 
the  glacier,  where  we  found  large  broken  trunks  in  1905,  one  of  which  had  75  annual 
rings.  On  the  border  of  the  alluvial  fan,  also,  quiet  conditions  had  permitted  the  growth 
of  trees  for  at  least  60  years,  and  for  a  long  time  alluviation  had  been  in  progress,  building 
the  perfect  alluvial  fan  now  destroyed.  The  abrupt  change  took  place  sometime  between 
1890  and  1905,  destroyed  the  forest  on  the  glacier  and  for  4  or  5  miles  beyond  it  in  the 
alluvial  flat,  up  through  which  were  pushed  a  series  of  hummocks  and  moraine  patches 
on  which  vegetation  was  in  1905  just  beginning  to  grow  again.  That  the  change  occurred 
later  than  1895  is  proved  by  the  Boundary  Survey  photograph  of  that  year;  and  that  it 
was  not  earlier  than  1899  is  indicated  by  the  age  of  the  new  alder  plants  on  the  glacier 
and  on  the  outer  moraine  hillocks. 

To  account  for  this  change  by  mere  slumping  would  involve  some  special  explanation 
of  the  60  or  75  years  of  immunity  from  slumping  necessitated  by  the  forest  and  the  sudden 
introduction  of  excessive  slumping  over  an  area  of  several  square  miles,  and  would  not 
explain  the  broken  and  splintered  tree  stubs.  Shattering  of  buried  ice  by  earthquake 
shaking  would  share  the  last  disadvantage;  furthermore,  it  would  be  most  remarkable 

iTarr,  R.  S.  and  Martin,  Lawrence,  BuU.  Amer.  Geog.  Soc.,  Vol.  XXXVIII,  1906,  pp.  15i^-8. 
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to  have  had  shattering  in  the  broad  area  of  the  lower  Galiano  without  corresponding 
breaking  in  the  neighboring  Atrevida  Glacier.  The  natives  would  have  known  it  if  there 
had  been  a  five-mile  advance.  The  only  remaining  hypothesis  is  that  the  Galiano  Glacier 
extends  out  here  for  4  or  5  miles  as  a  broad,  lowered,  moraine-covered  piedmont  bulb» 
the  other  portion  being  reduced  by  ablation,  which  has  automatically  checked  melting, 
and  that  this  part  of  the  glacier  had  been  nearly  buried  by  alluvial  fan  deposits  before 
1890,  forests  growing  upon  the  unburied  knobs  of  moraine  and  upon  higher  parts  of  the 
fan.  Later,  when  Galiano  Glacier  moved  forward,  under  the  impulse  derived  from  ava- 
lanching  during  the  1899  earthquakes,  the  forest  on  the  lower  end  of  the  visible  bulb 
was  destroyed  and  the  thrust  even  caused  the  buried  ice  to  push  up  through  the  alluvial 
fan  4  or  5  miles  away,  destroying  the  forest  there,  causing  more  rapid  melting,  and  giving 
rise  to  the  distribution  of  alluvial  fan  and  moraine  patches,  with  new  vegetation,  seen 
in  1905. 

Observation  here  and  elsewhere  in  1906and  1909 give  to  this  interpretation  a  probability 
which  we  could  hardly  dare  assign  to  it  in  1905  when  it  stood  as  the  only  known  case  of 
such  a  change  due  to  earthquake  shaking.  Now  the  main  facts  observed  here  are  dupli- 
cated in  other  cases  where  the  facts  are  matters  of  direct  observations,  not  of  interpre- 
tation alone.  The  only  serious  difficulties  that  occur  to  us  in  accepting  this  explanation 
are  the  remarkably  quick  response  of  this  glacier  and  the  great  extent  of  piedmont  area 
affected,  proportionately  more  than  in  other  cases.  The  phenomena  seem  incapable  of 
any  other  explanation,  however,  and  we  are  forced  to  the  conclusion  that  for  some 
reason  this  small  glacier  responded  not  only  quickly,  but  with  such  vigor  as  to  affect 
a  great  area  of  stagnant,  buried  ice.  There  may,  of  course,  be  a  very  deep  i^  bulb  buried 
here  through  which  the  impulse  was  communicated  with  such  vigor  as  to  spread  far  out 
toward  its  periphery. 

Naturally  we  have  searched  carefully  in  the  hope  of  finding  the  ice  itself  in  this  outer 
disturbed  area;  but  our  search  has  not  been  successful.  Aside  from  the  changes  recorded, 
however,  there  is  some  evidence  that  the  ice  still  lies  beneath  the  deposits  beyond  the 
visible  ice  bulb.  Perhaps  the  most  noteworthy  evidence  is  the  great  abundance  of  clear, 
cold  water  that  oozes  from  all  parts  of  the  newly-elevated  morainic  area.  There  is  no 
known  source  for  this  water,  which  far  exceeds  the  rainfall,  other  than  buried  ice,  and  we 
have  umformly  found  the  same  condition  of  abundant  cool  springs  and  pools  where  we 
have  other  reasons  to  suspect  the  presence  of  buried  ice;  but  we  have  not  found  this 
condition  in  localities  where  buried  ice  is  not  suspected  on  the  basis  of  independent 
evidence.  There  are  also  a  few  areas  where  slumping  has  recently  occurred,  and  there 
are  some  cracks  in  the  soil,  and  numerous  boggy  places,  all  of  which  are  common  phenom- 
ena in  places  where  moraine  rests  on  buried  ice.  From  these  evidences  alone  we  would 
have  confidently  inferred  the  existence  of  buried  ice  here,  even  though  we  had  not  been 
forced  to  this  same  conclusion  by  the  striking  changes  between  1890  and  1905. 

Granting  the  existence  of  a  buried,  stagnant,  ice  block  here  we  are  led  to  inquire  how 
it  came  to  be  in  the  condition  observed  in  1890.  First  it  was  doubtless  an  expanded 
piedmont  bulb,  and  such  a  condition  it  would  maintain  so  long  as  supply  equalled  general 
ablation;  but  when  ablation  exceeded  supply  it  would  begin  to  waste  away  and  ablation 
moraine  would  cover  its  surface  more  and  more  deeply.  The  further  wastage  would  then 
be  differential  and  those  parts  which  had  least  moraine  would  be  lowered  most  rapidly. 
It  is  a  common  condition  in  piedmont  ice  bulbs  to  find  an  area  immediately  in  front  of 


86  ALASKAN  GLACIER  STUDIES 

the  mountains  on  which,  for  some  reason,  little  d£bris  exists.  This  is  typically  illustrated 
in  the  Variegated  Glacier  in  this  region  and  in  the  Allen  Glacier  in  the  Copper  River 
region.  Such  a  clear  ice  area  developed  in  Atrevida  Glacier  in  1906,  as  already  stated. 
We  infer  the  existence  of  a  similar  clear  ice  area  in  the  Galiano  Glacier,  which  by  more 
rapid  ablation  was  reduced  to  the  condition  first  of  an  interior  flat  and  then,  when 
low  enough,  to  a  re^on  of  alluviation.  It  was  in  the  latter  condition  in  1890,  and  was 
then  receiving  deposits  not  only  from  Galiano  Stream,  but  also  from  the  drainage  of 
Atrevida  Glacier. 

The  large  ice  block  which  we  believe  to  be  buried  here  must  in  the  course  of  time  receive 
a  thick  cover  of  outwash  gravels  which  have  a  tendency  to  preserve  it  from  wastage. 
But  inevitably,  in  the  course  of  time,  if  stagnation  continues,  this  ice  will  completely 
melt  away.  If  alluviation  continues  no  depression  may  result,  but  if  glacial  streams 
cease  to  bring  sediment,  a  large  kettle  would  ultimately  mark  the  site  of  the  buried  ice 
or,  since  the  ocean  is  so  near,  an  arm  of  the  sea.  The  present  condition  and  possible  future 
of  this  region  have  more  than  local  interest.  It  is  one  of  many  instances  of  more  or  less 
completely-buried  masses  of  stagnant  ice  in  the  Alaskan  region,  which  show  us  in  actual 
existence  what  was  undoubtedly  conunon  along  the  margin  of  the  waning  continental 
ice  masses  of  the  Glacial  Period.  The  literature  of  glacial  phenomena  does  not  assign 
to  buried  masses  of  stagnant  ice  the  full  importance  which  they  probably  had  in  shaping 
the  topography  of  marginal  deposits.  The  conditions  near  Galiano  Glacier,  and  else- 
where in  the  Yakutat  Bay  region,  give  facts  which  ought  to  be  of  value  in  interpretation 
of  these  phenomena. 

Condition  in  1909.  The  interval  between  the  visits  of  1905  and  1906  was  too  brief 
for  any  notable  change  in  the  condition  of  Galiano  Glacier  and  the  region  to  the  south 
of  it.  But  by  1909  there  had  been  so  much  change  that  it  was  noticeable,  and  this 
change  was  of  several  kinds.  The  area  of  the  ablation  moraine  in  the  mountain  valley 
had  extended  farther  toward  the  valley  head  than  in  1905 ,  when  it  evidently  did  not  extend 
so  far  as  in  1890.  Alder  had  again  spread  over  a  large  part  of  the  piedmont  area  (PL 
XXXII,  A)  and  even  into  the  mountain  valley.  In  most  places  the  alder  was  young 
and  in  scattered  individuals  and  clusters;  but  in  the  more  stable  parts  of  the  piedmont 
area,  and  especially  on  the  eastern  side,  there  were  already  alder  thickets  through  which 
it  was  difficult  to  travel,  and  in  which  the  bushes  were  eight  or  nine  years  old.  There 
was  still  much  sliunping  of  moraine  in  the  piedmont  area,  probably  because  crevasses 
still  existed  there,  and  there  were  large  pits  barren  of  vegetation,  but  surrounded  by 
alder  growth;  and  there  were  other  places  where  recent  subsidence  had  overturned  the 
alder  that  had  begun  to  grow.  Evidently  the  glacier  had  not  yet  settled  down  to  a 
state  of  stability  equal  to  that  which  permitted  the  growth  of  such  a  uniform  cover  of 
alder  as  was  present  in  1890. 

There  were  also  notable  changes  in  the  marginal  valleys  on  both  the  east  and  west 
sides.  That  on  the  east  side  was  much  broader  than  in  1905  and  headed  farther  up  in 
the  mountain  valley.  Only  a  small  stream  emerged  from  the  glacier  on  this  side,  as 
was  true  also  in  1905;  but  it  was  cutting  the  glacier  back,  forming  a  steep  ice  cliff  which 
was  extending  down-stream,  and  thus  was  broadening  its  valley.  At  its  lower  end  the 
ice  cliff  merged  into  a  moraine-covered  ice  embankment  on  which  young  alders  were 
growing.  At  this  point,  where  the  ice  cliff  was  being  extended  down-stream,  the  moraine 
and  its  alder  growth  were  sliding  down  the  slope  and  here  one  saw  withered,  present- 
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day  5  to  10  year  old  alder  bushes,  some  of  them  still  green,  and  the  battered  stumps  of 
the  earlier  alder  growth,  many  of  them  over  ^  years  old,  all  mixed  together  in  the  moraine 
that  was  sliding  off  of  the  glacier  margin. 

On  the  west  side,  also,  the  marginal  stream  was  extending  its  valley  up  into  the  moun- 
tains (PL  XXXII,  B),  baring  the  ice  of  its  load  of  marginal  d6bris  and,  in  places,  de- 
veloping a  steep  ice  cliff,  over  a  hundred  feet  high,  down  which  we  could  not  descend, 
and  forcing  us  up-stream  a  quarter  of  a  mile  to  a  more  gently-sloping  portion  from  which 
the  moraine  had  not  yet  been  removed.  Here  we  saw  a  remarkable  exhibition  of  the 
way  in  which  the  ice  margin  was  being  stripped  of  its  moraine  cover.  While  eating 
luncheon  by  the  bank  of  the  marginal  stream,  just  where  the  bare  ice  cliff  graded  into  the 
moraine-covered  portion,  we  watched  several  small  streams  issuing  from  small  crevasses 
and  holes  in  the  ice  and  descending  torrentially  over  and  through  the  moraine  talus  at 
the  ice  base.  All  of  a  sudden  a  landslide  of  considerable  proportions  slid  down  the  ice 
face  where  one  of  the  streams  was  issuing  from  the  moraine  (below  A,  PI.  XXXUI). 
It  was  so  charged  with  water  that  it  formed  a  veritable  mud-flow  in  which  stones  a 
ton  in  weight  were  floated.  The  avalanche  reached  the  marginal  stream  and  in  a  few 
seconds  forced  it  to  one  side  and  over  the  place  where  we  had  just  then  been  seated. 
Slide  after  slide  followed,  and  in  less  than  fifteen  minutes  the  marginal  stream  was  pushed 
over  into  the  fringing  alder  thicket,  fully  fifty  feet  from  the  place  where  it  formerly 
flowed.  In  this  brief  interval  a  fan  was  built  whose  dimensions  were  estimated  to  be 
100  by  50  feet,  with  a  depth  of  6  feet  at  its  front  margin  and  ^  to  SO  feet  in  the 
center.     An  area  of  ice  of  several  score  square  yards  was  bared  by  these  landslides. 

On  both  margins  of  the  glacier  near  these  marginal  streams  we  encountered  a  band  of 
crevassed  ice  which  we  did  not  see  in  1905.  It  was  not  fresh  breaking,  such  as  is  caused 
by  advance,  and,  moreover,  its  marginal  position,  and  the  absence  of  crevassing  in  the 
glacier  center  and  up  the  valley  precludes  this  explanation.  The  phenomenon  seems 
related  to  the  development  of  the  marginal  drainage  just  described.  Part  of  it  may  be 
due  to  slumping  through  undermining,  but  most  of  it  is  apparently  due  to  the  removal 
of  debris  from  older  crevasses,  probably  formed  during  the  last  cycle  of  advance.  It  is 
conceived  that  prior  to  1905  the  ice  was  broken,  as  the  Atrevida  Glacier  was  in  1906. 
This  breaking  was  soon  healed  by  ablation  and  by  the  sliding  of  moraine  into  the  cre- 
vasses so  that  by  1905  they  were  hidden.  Presumably  there  are  similar  creviasses  all 
over  the  deeply  moraine-covered  ice,  but  most  of  them  are  now  buried  from  view,  though 
here  and  there  one  is  seen;  and  there  are  long,  narrow,  linear  valleys  and  ridges,  which 
probably  mark  the  sites  of  still  others.  The  extension  of  the  marginal  drainage  up  the 
glacier  side,  doubtless  a  redevelopment  of  marginal  drainage  toward  the  condition  that 
existed  before  the  advance,  has  sharpened  the  cliff  and  exposed  the  ice,  and  from  this 
the  streams  emerge  heavily  charged  with  debris.  It  is  thought  that  the  removal  of  this 
debris  is  opening  up  the  marginal  crevasses.  Further  down  the  glacier,  where  the  d6bris 
is  well  stripped  off,  many  crevasses  are  revealed.  Another  indication  that  the  explana- 
tion proposed  is  correct  is  the  fact  that  water  is  emerging  from  orifices  part  way  up  the 
ice  cliff,  as  if  from  the  bottoms  of  crevasses.  In  more  mature  ice  drainage  the  water  would 
find  its  way  to  the  ice  bottom  through  moulins  and  emerge  from  the  ice  base  rather  from 
the  middle  of  the  marginal  slope. 

A  third  notable  change  in  this  region  in  the  interval  between  our  visits  of  1905  and  1909 
is  in  the  coast  line.    Just  south  of  the  glacier  front  the  coast  had  been  completely  altered 
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in  detail,  and  although  in  a  region  of  deposit,  where  the  normal  change  should  be  an 
outward  growth,  it  had  receded  several  yards  and  a  gravel  knoll  that  stood  there  in  1905 
had  been  nearly  consumed.  The  site  of  our  camp  of  1905,  which  was  on  the  beach  at 
the  base  of  this  knoll  had  disappeared  also.  Slumping  of  the  alluvial  fan  back  of  the 
beach  was  also  indicated  by  the  fact  that,  although  this  area  had  for  four  years  received 
the  drainage  of  the  large  stream  that  flowed  from  the  western  margin  of  Galiano  Glacier, 
its  bottom  had  not  yet  been  raised  above  the  reach  of  the  tide.  Indeed,  it  seemed  even 
lower  than  it  was  in  1905. 

Out  on  the  alluvial  fan-moraine  area  in  front  of  the  visible  ice  bulb  of  the  Galiano  there 
had  been  much  change  in  detail,  but  principally  of  two  kinds.  In  the  first  place  there 
had  been  a  great  increase  in  the  amount  and  density  of  vegetation.  On  the  higher  and 
more  extensive  morainic  knolls  there  were  now  alder  thickets  through  which  in  places 
one  found  it  difficult  to  travel,  whereas  in  1905  there  were  no  such  areas.  On  the  lower 
knolls  there  was  less  noticeable  increase  in  vegetation,  but  we  had  good  evidence  of  in- 
crease in  one  place  when  we  attempted  to  find  the  site  of  one  of  our  1905  photographs  and, 
in  looking  for  the  foreground  stones,  found  them  partly  hidden  by  alders,  whereas  in 
1905  there  were  only  annual  and  perennial  plants  and  a  few  scattered  alders  one  or  two 
years  old.  The  entire  foreground  (compare  vegetation  near  stones  marked  A,  B,  C, 
and  D  in  PL  XXXTV)  was  completely  altered  by  growth  of  vegetation. 

A  second  noteworthy  change  is  that  of  deposit  among  the  morainic  hillocks.  The 
process  of  filling  the  depressions,  and  thus  of  submerging  the  hillocks  beneath  gravel 
deposit,  had  proceeded  so  far  as  to  be  noticeable  in  some  places;  but  we  had  no  data  for 
determining  whether  at  the  same  time  there  had  been  a  lowering  of  the  hillocks  by  the 
melting  out  of  the  underlying  ice,  though  this  must  inevitably  have  been  the  case,  to 
some  extent  at  least,  for  large  quantities  of  cold  water  still  issued  from  the  moraine  and 
this  had  without  doubt  been  continuing  during  the  intervening  summers.  The  water 
that  escaped  represented  ice  that  was  lost  by  melting,  and  this  loss  must  have  caused  a 
lowering  of  the  moraine. 

It  is  natural  that  the  anastomosing  glacial  streams  which  are  building  an  outwash 
gravel  plain  between  the  moraines  should  change  their  courses  as  they  build  one  portion 
higher  than  another.  A  munber  of  such  changes  had  occurred,  but  one  was  specially 
noteworthy.  In  1905  and  1906  the  Galiano  stream  flowed  over  an  alluvial  fan  which  it 
had  built  between  the  visible  glacier  front  and  the  first  range  of  low  morainic  hills  a  quar- 
ter of  a  mile  to  the  south  of  it.  Over  this  fan  the  stream  wandered  in  branching  and 
ever-shifting  courses,  and  at  times  a  branch  swung  over  against  the  moraine  which  it  had 
trinuned  back  into  a  fairly  steeply-sloping  bank.  On  the  morning  of  July  28, 1909,  the 
Galiano  stream  was  flowing  as  usual,  with  three  large  distributaries  and  several  smaller 
ones,  all  of  which  were  easily  forded,  though  the  northern  one  was  fairly  deep  and  swift; 
but  a  small  branch  had  found  its  way  southward  through  a  gap  in  the  moraine.  When  we 
returned  at  night  our  progress  was  barred  by  a  single  torrent  which  outflowed  through  the 
gap,  and  which  was  crossed  with  difficulty.  All  the  other  stream  courses  were  aban- 
doned, and  for  the  time  being  the  entire  lower  portion  of  the  alluvial  fan  received  no  water 
or  sediment.  The  new  course  proved  so  favorable  that  it  was  maintained  as  long  as 
we  remained  there  (until  August  3),  and  that  it  was  likely  to  be  followed  for  some  time 
was  indicated  by  the  fact  that  the  torrent  had  entrenched  itself  in  a  newly-formed  gravel 
gorge  which  was  extending  up-stream. 
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West  of  the  moraine  which  had  been  pushed  up  through  the  alluvial  fan  of  1890  is  a  very 
perfect  fan  built  by  Esker  Stream.  Over  this  the  glacial  waters  flow  in  many  branches 
which  are  constantly  shifting  (PL  XXXI) .  It  is  the  most  perfect  alluvial  fan  in  that  vicin- 
ity, but  as  a  perfect  alluvial  fan  it  terminates  against  the  morainic  hillocks  and  ridges  of 
the  buried  Galiano  bulb,  and  the  waters  pass  down  among  them,  making  deposits  in  the 
depressions;  but  in  1890  the  upper  fan  was  continuous  with  the  lower  one,  now  destroyed. 
In  each  period  of  observation  (1890,  1905,  1906  and  1909)  the  upper  fan  has  been  not 
only  growing  higher  but  extending  laterally.  The  latter  condition  is  brought  out  with 
striking  clearness  by  reason  of  the  fact  that  the  alluvial  fan  was  bordered  on  the  north  by 
a  forest  of  cottonwood  and  spruce  trees  into  which  the  glacial  torrent  is  pouring  its  flood 
of  water  and  sediment,  biuying  and  killing  many  of  the  trees  (PL  XXXV,  A).  Some»  only 
slightly  buried,  are  still  growing  in  the  barren  alluvial  fan;  others  stand  there  dead,  and 
one  of  our  packers  who  is  familiar  with  the  Alaskan  forest,  judging  from  the  position  and 
nature  of  the  limbs,  estimated  that  the  gravel  rose  up  on  several  of  them  to  a  height  of 
twenty-five  feet.  Back  in  the  forest  w^e  gravel  terraces  on  which  a  mature  forest  grew, 
and  in  which,  beneath  the  living  forest,  w^e  dead  mature  trunks  in  place,  proving  a  still 
older  period  of  burial  at  a  higher  level.  It  is  believed  that  these  deposits  were  laid  down 
when  the  expanded  bulb  of  Galiano  Glacier  stood  up  as  a  barrier  across  Esker  Stream, 
forcing  the  deposit  of  its  sediment  load  at  a  higher  level  than  at  present.  Thus  the 
region  has  been  the  theatre  of  extensive  past  as  well  as  present  day  changes. 

The  Cycle  of  Change.  Galiano  Glacier  is  the  only  instance  in  the  Yakutat  Bay  region 
in  which  a  practically  completed  cycle  of  change  resulting  from  earthquake  advance  has 
been  observed.  It  seems  well,  therefore,  to  briefly  summarize  the  succession  of  events 
as  observed  and  inferred. 

It  is  inferred  that  at  some  period,  long  before  1890,  Galiano  Glacier  flowed  out  of  its 
mountain  valley  and  expanded  into  a  huge  bulb  extending  some  five  miles  or  more  from 
the  mountains,  expanding  somewhat  toward  the  west,  and  toward  the  east  entering  the 
waters  of  Yakutat  Bay.  Just  beyond  the  mountain  front  was  an  area  of  dear  ice»  but 
beyond  it  the  piedmont  ice  became  covered  with  ablation  moraine.  Ablation  proceeded 
to  lower  the  surface,  most  rapidly  in  the  area  of  clear  ice,  but  finally  reduced  the  entire 
outer  area  nearly  or  quite  to  sea  level.  A  glacial  stream  from  Atrevida  Glacier,  Esker 
Stream,  built  an  alluvial  fan  up  to  the  western  side  of  this  piedmont  ice  area.  In  the 
meantime  a  stream,  developed  on  the  western  side  of  the  Galiano  Glacier,  found  escape 
into  the  interior  flat  that  had  developed  in  the  clear  ice  area  and  began  to  deposit  there; 
and  in  this  work  of  deposit  it  was  ultimately  joined  by  Esker  Stream,  which  hitherto  had 
been  deflected  southward  by  the  expanded  Galiano  ice  bulb.  Meanwhile  forest  had 
developed  on  the  lowered  moraine  to  the  south  of  the  alluvial  fan  of  the  interior  flat; 
and  a  growth  of  alder,  and,  toward  the  east,  of  cottonwood  and  spruce  trees,  had  covered 
the  ice  bulb  that  still  rose  above  the  interior  flat  and  between  it  and  the  mountain.  The 
glacier  was  in  this  condition  when  Russell  studied  it  in  1890,  and  when  the  Boundary 
surveyors  photographed  it  in  1895,  and  doubtless  continued  in  this  condition  until  1899 
or  1900. 

Then  came  the  series  of  earthquakes  in  September,  1899,  which  shook  down  into  the 
upper  portion  of  the  Galiano  valley  a  great  series  of  avalanches  of  snow  and  ice,  the  scars 
of  some  of  which  were  easily  recognizable  in  1905  by  comparison  with  1890  photographs. 
Quickly,  and  presumably  as  early  as  1900,  judging  by  the  age  of  the  new  alders  found  in 
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1905  and  by  the  extent  of  healing  of  the  glacier  in  that  year,  the  entire  Galiano  Glacier 
from  its  valley  head  to  the  periphery  of  its  buried  piedmont  bulb  was  under  the  influence 
of  a  spasmodic  advance,  which  broke  the  surface  of  the  glacier  and  pushed  up  through 
the  alluvial  fan  as  well  as  the  area  of  morainic  hillocks  beyond  it,  at  the  same  time 
destroying  the  alluvial  fan,  overturning  the  forest  that  grew  on  the  glacier  and  that 
which  was  growing  to  the  south  of  the  alluvial  fan.  Ablation  on  the  deeply  moraine- 
covered  ice  soon  hid  the  crevasses,  partly  by  melting  down  of  the  surface,  but  largely 
by  the  sliding  of  the  moraine  into  the  crevasses,  so  that  in  1905  the  glacier  surface  showed 
no  signs  of  the  pronounced  breakage  of  a  few  years  before,  which  would  be  recognized  by 
an  observer  unfamiliar  with  the  phenomenon.  This  latter  point  would  perhaps  seem 
improbable  were  it  not  for  the  evidence  that  the  advancing  glaciers  of  1906  furnish 
concerning  the  rapidity  with  which  such  a  broken  surface  is  healed  by  ablation. 

Now  the  glacier  is  returning  to  its  former  condition  and  the  evidence  of  it  was  especially 
seen  along  the  sides  in  1909  where  marginal  drainage  was  again  developing,  and  in  doing 
so  revealing  some  of  the  crevasses  that  were  formed  during  the  advance  and  that  since 
then  had  been  hidden  by  the  ablation  moraine.  It  was  also  shown  by  the  immaturity 
of  the  ice  drainage.  The  return  of  stagnation  has  again  permitted  the  encroachment  of 
vegetation  upon  the  glacier,  and  it  is  rapidly  spreading  and  developing  alder  thickets; 
but  the  presence  of  buried  crevasses  beneath  the  moraine,  and  the  necessity  of  develop- 
ment of  drainage,  are  causing  so  much  slumping  that  the  advance  of  the  vegetation  b 
interrupted  here  and  there. 

Changes  were  also  in  progress  on  the  outer  area  of  stagnant,  buried  ice,  but  this  had 
not  yet  proceeded  far  and  the  morainic  hillocks  still  rose  prominently  above  the  surface. 
However,  vegetation  was  taking  root  here  also,  alluviation  was  in  progress  between  the 
hillocks,  and  probably  the  surface  of  the  moraines  was  being  lowered  by  the  melting  of 
the  buried  ice.  There  was  a  tendency  toward  the  return  of  the  condition  of  1890,  but  it 
will  be  many  years  before  this  work  is  complete,  for  there  were  many  irregularities  to  be 
removed  or  graded  up  before  an  even-surfaced  alluvial  fan  is  again  built  here;  and,  although 
glacial  streams  bore  great  quantities  of  sediment,  and  were  relatively  rapid  agencies  of 
deposition,  there  was  a  large  area  to  be  covered  and  much  deposit  was  necessary.  At  the 
observed  rate  of  change  it  is  probable  that  a  quarter  of  a  century  hence  the  signs  of  the 
spasmodic  breaking  of  the  Galiano  Glacier  will  still  be  visible  here,  while  in  the  valley 
portion  and  its  small  inner  piedmont  bulb  all  signs  of  the  advance  will  have  disappeared. 
Ablation  on  the  glacier  itself  is  far  more  rapid  than  on  the  outer  bulb  which  bears  so  thick 
a  coat  of  morainic  d6bris  and  alluvial  fan  gravels  that  no  ice  has  been  observed  in  it. 

In  1910  and  191S  the  Galiano  Glacier  seemed,  from  the  bay,  to  be  essentially  as  in 
1909,  except  for  the  increased  covering  of  vegetation. 

Black  Glacier 

Black  Glacier,  a  little  over  a  mile  east  of  Galiano  Glacier  (Map  2)  resembles  the  Galiano 
in  several  respects,  though  in  others  the  two  glaciers  are  quite  difiFerent.  Although  shorter 
and  narrower  than  the  Galiano,  the  Black  Glacier  occupies  a  similar  steep-sided,  short 
valley  and  is  supplied  with  ice  by  several  steeply-descending  cascading  tributaries  at 
the  valley  head.  Its  surface  to  a  point  far  up  in  the  mountain  valley  is  covered  with 
ablation  moraine,  and  in  the  lower  portion,  in  the  areas  of  deepest  moraine^  there  is  con- 
siderable alder  growth,  forming  small  thickets.    There  is  no  continuous  alder  thicket. 
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such  as  existed  on  the  Galiano  in  1890,  but  some  of  the  bushes  are  quite  mature.  A 
noteworthy  difference  between  the  two  glaciers  is  the  fact  that  the  lower  Black  Glacier 
is  a  ridge,  with  a  well-defined  marginal  valley  on  either  side;  and  a  still  more  notable 
difference  is  the  absence  of  a  pronounced  piedmont  bulb  at  the  lower  end  of  the  Black 
Glacier.  It  barely  passes  beyond  the  mountain  front  and  expands  slightly  at  the  very 
lowermost  end;  but  no  piedmont  bulb  is  produced. 

Although  the  earthquakes  of  September,  1899,  must  have  shaken  the  Black  Glacier 
as  much  as  the  Galiano,  we  have  been  unable  to  find  any  evidence  of  an  advance;  and 
there  are  several  facts  which  prove  that  if  this  glacier  did  respond  at  all  to  the  influence 
of  earthquake  shaking  it  was  only  to  a  very  limited  extent.  Russell  photographed  the 
glacier  from  its  alluvial  fan  in  1890,  and  in  1905  we  re-occupied  the  site  of  this  picture 
and  were  unable  to  detect  any  distinctive  change  in  appearance.  That  the  glacier  has 
not  advanced  to  any  extent  since  1890  is  proved  by  the  presence  of  a  mature  cottonwood 
forest  about  250  yards  from  the  glacier  front,  which  also  appears  in  Russell's  picture. 
This  photograph  (PL  XXXV,  B)  was  taken  at  such  a  distance  that  we  cannot  be  certain 
of  the  space  that  then  separated  the  glacier  from  the  forest,  but  it  seems  to  have  been 
about  the  same  in  1890  as  in  1905.  Instead  of  advance.  Black  Glacier  front  gives  evidence 
of  recent  recession,  for  in  1905  there  was  a  low,  moraine-covered  stagnant  ice  mass  about 
100  feet  from  the  glacier  front,  and  between  it  and  the  glacier  there  was  no  mature  alder 
growth.  But  just  outside  this  stagnant  ice  mass,  and  within  a  few  feet  of  it,  were  alder 
bushes  from  ten  to  fifteen  years  old.  The  interpretation  that  we  place  on  these  facts 
is  that  in  1890  the  ice  front  stood  where  the  stagnant  ice  now  rests,  and  that  since  then 
there  has  been  recession  of  about  100  feet.  Prior  to  1890  the  ice  had  been  receding  over 
the  area  of  about  200  yards  now  covered  by  alder,  and  for  at  least  a  half  century  had 
not  been  farther  out  than  the  border  of  the  cottonwood  forest. 

Confirmatory  evidence  of  the  conclusion  that  Black  Glacier  has  not  been  subjected  to  a 
recent  advance  as  a  result  of  earthquake  shaking  is  supplied  by  two  facts  already  men- 
tioned, namely,  the  mature  alder  growth  still  standing  on  the  glacier,  and  the  ridge  form 
of  the  glacier  itself.  The  ridge  extends  about  a  mile  from  the  ice  front,  to  an  elevation 
of  about  1100  feet,  and  its  surface  rises  up  the  valley  at  a  high  angle,  averaging  about  20* 
in  the  first  half  mile.  It  is  a  single,  narrow,  moraine-covered  axial  ridge,  sloping  toward 
the  valley  walls  often  at  an  angle  of  SO**  or  35**.  Bare  ice  shows  in  many  places,  and  stones 
frequently  roll  down  the  marginal  slopes;  but  the  moraine  on  the  ridge  top  is  thicker, 
5  or  6  feet,  and  ice  is  rarely  revealed  there.  Alders  grow  in  this  thick  moraine,  one  that 
was  cut  down  in  1905  being  IS  years  old.  Some  are  killed  by  sliding  and  slumping  of  the 
soU,  but  this  did  not  seem  to  be  due  to  ice  movement,  for  there  were  no  crevasses  in  the 
central  ridge  in  the  lower  half  mile  of  the  glacier.  Farther  up  the  glacier,  where  crevasses 
are  present,  deep  morainic  soil  and  alder  bushes  are  not  found.  Alders  5  or  6  years  old 
grow  on  the  glacier  up  to  1000  feet,  a  mile  from  the  end  of  the  glacier.  Beyond  this  the 
ridge  flattens  and  disappears  but  in  both  1905  and  1909  ablation  moraine  covered  the 
glacier  clear  to  the  head. 

Had  there  been  notable  recent  advance  of  this  glacier  the  ridge  would  of  necessity  have 
been  destroyed  and  the  glacier  put  into  closer  contact  with  the  mountain  wall.  It  is 
inconceivable  that  so  pronounced  a  ridge  could  have  been  formed  by  the  development  of 
marginal  valleys  in  the  interval  between  1899  and  1905.  Also,  the  mature  alders  could 
not  have  survived  an  advance  and  breaking  of  any  considerable  amount.    Those  that  are 
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being  overturned  are  easily  accounted  for  by  normal  slumping  of  the  morainic  soil,  aocentu* 
ated  here,  perhaps,  by  the  continued  development  of  the  ridge  form  of  the  glacier  through 
ablation. 

The  facts  observed  force  us  to  the  conclusion  that  Black  Glacier  has  experienced  na 
notable  advance  under  the  impulse  of  earthquake  shaking.  This  does  not,  of  course^ 
imply  that  there  has  been  no  change  as  a  result  of  the  earthquake,  for  in  the  upper  por» 
tion  there  may  have  been  an  advance  and  breaking  of  such  slight  proportions  that  it  was 
not  communicated  to  the  lower  portion.  Possibly  the  small  area  of  crevassing  a  little 
more  than  a  mile  from  the  terminus  is  a  relic  of  such  an  advance. 

The  contrast  between  Black  land  Galiano  Glacier  in  this  respect  is  notable,  and  it  is- 
this  contrast  which  to  us  constitutes  the  most  interesting  feature  of  the  Black  Glacier. 
The  neighboring  Galiano  Glacier  supplies  unquestionable  proof  of  a  great  advance  and 
breaking,  while  Black  Glacier  furnishes  equally  convincing  proof  of  the  absence  of  such 
advance  and  breaking;  yet  both  receive  their  snow  supplies  from  the  same  earthquake* 
shaken  area.  No  other  reason  for  this  difference  appears  than  the  difference  in  size  of 
the  glaciers;  and,  of  course,  the  related  difference  in  extent  of  supply  area.  It  must  be 
concluded  that  there  was  not  a  sufficient  amount  of  imstable  snow  and  ice  available  in 
the  supply  ground  of  Black  Glacier  to  give  the  impulse  necessary  for  advance  and  break- 
age down  to  the  glacier  terminus.  It  may  also  be  true  that  the  narrow,  and  perhaps 
thin,  ridge  of  ice  that  forms  the  lower  Black  Glacier  was  not  a  large  enough  mass  of  ice 
to  transmit  the  thrust.  This  could  only  be  true,  though,  if  the  thrust  itself  was  weak; 
for  a  strong  thrust  would  have  broken  and  pushed  forward  even  a  rigid  ice  body  that 
stood  in  the  way.  In  1905  it  seemed  to  us  a  possibility,  though  not  very  probable,  that 
the  impulse  of  earthquake  advance  in  the  case  of  this  glacier  has  for  some  reason  been 
retarded  and  that  its  effects  would  be  noted  in  later  years.  We  accordingly  examined 
it  again  in  1906  and  in  1909,  but  could  see  no  change.  In  1910  and  1913  there  was 
no  change  that  was  visible  from  Yakutat  Bay.  That  an  advance  could  be  longer 
delayed  seems  inconceivable  in  a  glacier  of  such  small  size,  and  in  view  of  the  notable 
advance  of  so  many  other  larger  glaciers.  We  therefore  conclude  that  not  only  has  there 
been  no  notable  advance  up  to  1913,  but  that  no  future  advance  of  the  Black  Glacier 
is  to  be  expected  as  a  result  of  the  earthquakes  of  1899. 


CHAPTER  VI 

TURNER,  HAENEE,  AND  HUBBARD  GLACIERS 

TuBNEB  Glacier 

• 

General  Deecription.  On  the  western  side  of  Disenchantment  Bay»  a  few  miles  up  the 
fiord  is  the  Turner  Glacier  (PL  XXXVI),  the  first  of  the  three  tidal  glaciers  that 
discharges  icebergs  into  Yakutat  Bay.  It  was  first  described  and  photographed  by 
RusseU  in  1890  and  1891;  it  was  photographed  by  Brabazon  of  the  Canadian  Boundary 
Survey  in  1895  and  by  Bryant  in  1897;  it  was  again  photographed  and  described  by 
Gilbert  in  1899,  and  photographed  by  the  U.  S.  Fish  Commission  in  1901;  and  it  was 
studied  and  photographed  by  us  in  1905, 1906, 1909, 1910  and  1913.  We,  therefore,  have 
a  more  complete  photographic  record  of  the  Turner  Glacier  than  of  any  other  in  the 
Yakutat  Bay  region. 

Russell  saw  Turner  Glacier  from  Haenke  Island^  on  July  3,  1890,  and  September  5^ 
1891,  and  described  it  in  this  language: 

*'From  a  wild  cliff-enclosed  valley  toward  the  north,  guarded  by  towering  pinnacles 
and  massive  cliffs,  flows  a  great  glacier,  the  fountains  of  which  are  far  back  in  the  heart 
of  the  mountains  beyond  the  reach  of  vision.  Having  vainly  sought  an  Indian  name  for 
this  ice-stream,  I  concluded  to  christen  it  the  DalUm  glacier,  in  honor  of  John  Dalton, 
a  miner  and  frontiersman  now  living  at  Yakutat,  who  is  justly  considered  the  pioneer 
explorer  of  the  region.'  The  glacier  is  greatly  shattered  and  pinnacled  in  descending 
its  steep  channel,  and  on  reaching  the  sea  it  expands  into  a  broad  ice-foot.  The  last 
steep  descent  is  made  just  before  gaini^  the  water,  and  is  marked  by  crevasses  and 
pinnacles  of  magnificent  proportion  and  beautiful  color.  This  is  one  of  the  few  glaciers 
in  the  St.  Elias  region  that  has  well-defined  medial  and  lateral  moraines.  At  the  bases 
of  the  cliffs  on  the  western  side  there  is  a  broad,  lateral  moraine,  and  in  the  center,  looking 
like  a  winding  road  leading  up  the  glacier,  runs  a  triple-banded  ribbon  of  debris,  forming 
a  typical  medial  moraine.  The  morainal  material  carried  by  the  glacier  is  at  last  deposited 
at  its  foot,  or  floated  away  by  icebergs,  and  scattered  far  and  wide  over  the  bottom  of 
Yakutat  Bay. 

*'The  glacier  expands  on  entering  the  water,  as  is  the  habit  of  all  glaciers  when  uncon- 
fined  and  ends  in  magnificent  ice-cUffs  some  two  miles  in  length." 

Gilbert  also  described  Turner  Glacier  fully  in  1899,'  comparing  the  conditions  with 
those  in  1891,  1895  and  1901. 

The  description  of  this  glacier  published  in  our  reports  of  the  1905  and  1906  expeditions 

1  Russell,  I.  C,  Nat.  Geog.  Mag.,  Vol.  m,  1891,  pp.  OS-99;  ISth  Ann.  Rept  U.  S.  Geol.  Survey,  IBM. 
PI.  XX,  facing  p.  86. 

*  The  authors  of  this  volume  agree  with  this  characterization,  and  regret  the  subsequent  change  in  the  name 
of  this  glacier  from  Dalton  to  Turner. 

>  Gilbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  Ill,  1904,  pp.  66-69. 
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summarizes  the  main  results  of  the  earlier  observations  down  to  the  close  of  1906,  and 
has  been  freely  paraphrased  here,^  with  minor  additions.  Turner  Glacier  flows  from  an 
unknown  source  upon  the  slopes  of  Mt.  Cook  through  a  vaUey  nearly  a  mile  wide  and 
with  walls  five  to  six  thousand  feet  high  (PL  XXXVII).  Its  visible  slope  is  moderate 
and  fairly  regular,  and  the  rapidly-moving  ice  is  severely  crevassed.  Where  the  glacier 
passes  from  its  mountain  valley  into  Disenchantment  Bay  it  expands  to  two  miles  in  width 
(Map  3)  and  the  slope  is  steepened  from  less  than  ten  to  as  much  as  twenty-five  degrees, 
a  change  which  Gilbert  correctly  interpreted  as  indicating  the  hanging  valley  condition, 
due  to  the  overdeepening  of  the  main  fiord  by  the  larger,  expanded  Hubbard  Glacier  at 
the  time  when  the  smaller  Turner  Glacier  was  its  tributary.  The  floor  of  this  valley 
probably  hangs  well  above  the  fiord  bottom,  and  perhaps  lies  even  above  present  water 
surface.  Half  a  mile  back  from  the  terminus,  and  about  half  way  between  the  medial  and 
south  lateral  moraine,  there  was,  in  1906,  a  massively-crevassed  bulge,  or  dome,  sug- 
gesting an  unexposed  nunatak  and  indicating  that  the  ice  was  not  very  thick.  Below  the 
steep  slope  the  ice  expands  into  a  flat-topped  fan  or  bulb  terminated  by  a  crevassed  cliff 
200  to  220  feet  or  more  high,  whose  height  is  shown  specifically  in  PI.  XXXVIII,  where 
it  is  compared  with  a  New  York  ofiice  building,  drawn  carefully  to  the  same  scale.  The 
levelness  of  this  ice  foot  suggests  that  it  is  either  afloat,  as  Gilbert  thought,  or  else  rest- 
ing on  a  flat  rock  surface.  If  afloat  Gilbert  estimates  that  there  must  be  1500  to  1600 
feet  of  water  here,  but  soundings  are  not  available  for  determining  this.  It  does  not 
seem  probable,  however,  that  the  glacier  terminus  is  actually  afloat,  for  the  only  known 
depths  nearby  are  264  feet  just  west  of  Haenke  Island,  144  to  282  feet  between  Turner  and 
Hubbard  Glaciers  near  Osier  Island,  and  720  feet  (no  bottom)  southwest  of  Haenke 
Island.  The  nearest  of  these  is  nearly  two  miles  from  Turner  Glacier,  but  the  depth 
of  1500  to  1600  feet  is  not  thought  probable,  for  the  greatest  depths  in  all  Yakutat  Bay 
are  only  1002  to  1119  feet  (PI.  XCI),  and  the  depth  on  the  side  of  the  bay  near  the 
Turner  Glacier  would  normally  be  considerably  less  than  the  maximum.  Still  another 
reason  for  not  believing  this  glacier  front  to  be  afloat  is  the  nature  of  the  iceberg  dis- 
charge. If  it  were  afloat  there  should  be  occasional  larger  masses  breaking  from  the 
front;  but  as  a  matter  of  fact  the  icebergs  discharged  are  all  of  small,  or  moderate  size 
such  as  come  from  the  grounded  front  of  a  tidal  glacier. 

The  front  of  Turner  Glacier  is  not  a  completely-symmetrical  bulb  or  fan,  such  as 
forms  where  glaciers  emerge  from  confining  valleys  into  broader  spaces  on  the  land,  for 
iceberg  formation  and  melting  in  the  fiord  check  complete  development  of  the  bulb  form. 
This  expanded  bulb  has,  therefore,  a  truncated  terminus  with  a  fairly  straight,  tidal  ice 
cliff, over  two  miles  long  in  1905, flanked  by  wing-like,  moraine-covered  points  which  ended 
on  the  land  about  2|  miles  apart.  Icebergs  are  steadily  discharged  from  the  cliff  and 
float  seaward  with  those  from  Hubbard  Glacier,  making  an  iceberg  barrier  so  hard  to 
penetrate  that  we  found  it  diflicult  to  work  a  boat  up  to  within  a  half  mile  of  the  south 
edge  of  the  glacier  in  1905,  and  quite  impossible  in  a  half  day's  work  in  1906. 

The  lateral  moraines  of  Turner  Glacier  terminated  in  the  tips  of  the  wing-like  edges 
of  the  ice  front,  the  one  on  the  south  being  compound.  North  of  it  were  two  narrow, 
indistinct,  parallel,  lateral  moraines,  then  thin,  narrow  bands  of  debris,  and  then  a 

i  Tarr,  R.  S.  and  Martin,  Lawrence,  Glaciers  and  Glaciation  of  Yakutat  Bay*  Alaska,  Bull.  Amer.  Geog.  Soc.» 
Vol.  XXXVm,  1906.  p.  140. 
Tarr,  R.  S.,  The  Yakutet  Bay  Region,  Alaska,  Ptof.  Paper  64,  U.  S.  Geol.  Surv^,  1909,  pp.  9Xh40. 
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pronounced  medial  moraine.  Clear  ice  exceeded  debris-laden  ice  in  the  south  half  of  the 
glacier,  while  in  the  north  half  there  were  no  medial  moraines  and  the  north  lateral 
moraine  was  not  wide. 

The  ice  cliff  is  in  general  regular,  reaching  its  maximum  height  within  a  quarter  of  a 
mile  of  the  south  side.  In  detail  it  is  made  up  of  innumerable  points  and  recesses,  the 
foremost  cape  being  south  of  the  middle  of  the  glacier.  Rapid  movement,  of  undeter- 
mined rate,  is  indicated  by  severe  crevassing  and  incessant  iceberg  discharge,  even  the 
debris-laden  wing-tips  being  much  broken  in  1905. 

Changes  Between  1891  and  1905,  Photographs  taken  in  1905  on  Haenke  Island  from 
the  exact  site  of  Gilbert's  1899  picture,  and  from  as  near  the  site  of  Russell's  1891  picture 
as  the  growth  of  alder  would  permit  its  location,  show  the  following  changes,  which  have 
previously  been  announced.^ 

Between  1891  and  1905  Turner  Glacier  receded,  the  moraine-veneered  tip,  and  the 
edge  of  the  clear  ice  on  the  south,  going  back  two  to  three  hundred  yards  and  the  north 
edge  an  equal  amount.  The  centre  of  the  glacier  receded  a  quarter  of  a  mile,  as 
shown  by  the  truncation  of  the  medial  moraine.  There  were  minor  differences  in  the 
distribution  of  moraine  on  the  ice. 

Between  1899  and  1905  the  middle  of  the  glacier  receded,  showing  that  fully  two-thirds 
of  the  recession  of  Turner  Glacier  between  1891  and  1905  took  place  between  1899  and 
1905.  But  the  north  and  south  glacier  tips  advanced,  both  the  clear  and  the  debris- 
laden  ice  on  the  north  side  extending  fully  a  quarter  of  a  mile  farther  in  1905  than  in  1899, 
while  the  south  side  advanced  one  or  two  hundred  yards  and  was  greatly  broken  clear 
up  to  the  edge. 

Therefore,  as  Gilbert  showed,  there  was  recession  between  1891  and  1899;  but  there 
was  net  recession  between  1891  and  1905  with  advance  of  the  middle  between  1899  and 
1901  and  with  advance  and  breaking  on  the  edges  and  retreat  in  the  center  between  1901 
and  1905. 

This  general  recession  is  evidenced  along  the  south  margin  of  Turner  Glacier  where 
there  was  a  low  moraine  in  1905  with  no  ice  in  it  and  no  vegetation  upon  its  surface. 
This  was  perhaps  the  moraine  that  the  glacier  margin  touched  at  the  time  of  Russell's 
1891  picture.  Just  beyond  this,  and  not  far  above  the  present  glacier  surface,  the 
growth  of  good-sized  alders,  estimated  to  be  not  less  than  20  years  old,  proved  that  the 
glacier  had  not  recently  been  much  higher  than  in  1905.  No  spruces  had  advanced 
within  several  miles  of  Turner  Glacier. 

Condition  in  1906  and  1909.  The  only  noticeable  modification  between  1905  and  1906 
was  a  slight  change  in  the  position  of  the  medial  moraine,  suggesting  a  minor  advance 
in  the  central  portion  of  the  glacier.  In  1909,  however,  notable  change  was  seen.  By 
comparing  the  1906  and  1909  views  of  Turner  Glacier  from  Osier  Island,  recession  in 
the  northern  wing  was  indicated  by  the  noticeable  increase  in  the  area  covered  by  mo- 
raine. A  visit  to  the  southern  margin  was  made  and  photographic  sites  of  1905  and 
1906  were  re-occupied.  Here  it  was  found  that  the  southern  wing  had  receded  slightly 
(PI.  XXXIX)  and  its  crevassed  condition  had  disappeared,  being  replaced  by  a  moraine- 
covered,  uncrevassed  margin,  and  that  the  ice  over  the  steep  part  of  the  glacier  was 

>  Tarr,  R.  S.  and  Martin,  Lawrence,  Glaciers  and  Gladation  of  Yakutat  Bay,  Alaska,  Bull.  Amer.  Geog.  Soc., 
Vol.  XXXVin,  1906,  p.  154;  Tarr,  R.  S.,  the  Yakutat  Bay  Region,  Alaska.  Professional  Paper  64,  U.  S.  Geol. 
Survey,  1900,  pp.  40-41. 


06 


ALASKAN  GLACIER  STUDIES 


thinner.  This  retreat  is  also  shown  by  comparing  1906  and  1909  photographs  from 
Gilbert's  1000  foot  station  above  Osier  Island.  Exactly  the  opposite  condition  was 
observed  in  the  tidal  portion  of  the  glacier,  for  in  1909  the  point  of  the  ice  cliff  projected 
so  far  as  to  hide  the  western  margin  of  Hubbard  Glacier  which  was  visible  from  this 
photographic  site  in  1905,  indicating  an  advance  of  several  hundred  yards.  In  1906  the 
black  point  of  Haenke  Glacier  was  visible  from  one  of  our  photographic  sites  on  the 
south  side  of  Turner  Glacier,  but  in  1909  it  had  disappeared.  This,  however,  is  due  in 
part  to  the  recession  of  Haenke  Glacier. 

Condition  in  1910  and  1913.  There  was  no  great  change  in  Turner  Glacier  from  1900 
to  1910.  From  Osier  Island  (Photo  sta.  C,  Map  3)  neither  the  north  nor  south  edges 
showed  any  change  (PI.  XL,  A)  but  from  Gilbert's  photographic  site  1000  feet  above 
Osier  Island  (Station  D,  Map  3)  it  was  apparent  in  1910  that  there  had  been  a  very 
slight  retreat  of  the  south  edge  and  possibly  of  the  north  edge  also.  From  both  stations 
an  increase  of  the  area  of  dirty  ice  on  the  north  margin  was  apparent.  From  the  crest 
of  Haenke  Island  (Photo,  station  A,  Map  3),  which  was  not  visited  in  1909,  it  was  clear 
that  there  had  been  some  retreat  of  the  south  edge  between  1906  and  1910  and,  with  the 
recession  of  Haenke  Glacier,  of  the  north  edge  also.  No  change  in  the  middle  portion 
was  apparent.  In  September,  1913,  when  the  junior  author  visited  Yakutat  Bay  with 
the  International  Geological  Congress,  the  Turner  Glacier  was  seen  to  have  continued 
its  retreat  The  tips  of  both  the  north  and  south  wings  of  the  glacier,  especially  the 
latter,  were  so  inactive  that  they  had  ceased  to  discharge  icebergs.  They  were  covered 
with  ablation  moraine  to  a  greater  extent  than  at  any  time  in  the  previous  eight 
years.  Very  few  icebergs  were  being  discharged  from  the  middle  of  the  glacier  cliff. 
It  is  clear,  therefore,  that  the  relative  inactivity  of  Turner  Glacier  was  continued  at 
least  until  September,  1913. 

TUBNEB  GlACIEB 


Year 

Nature  of  Change 

Bcued  on  observaiions  by 

1890-1891 

Retreat 

Russell 

1891-1895 

Retreat 

Boundary  Survey 

1895-1897 

Retreat 

Bryant 

1891-1899 

Gilbert 

1899-1901 

Advance  middle  and  beginning  in  edges 

Fish  Commission 

1901-1905 

Advance  north  and  south  edges,  re- 
treat middle 

Tarr  and  Martin 

1905-1906 

Advance  of  middle,  retreat  of  north 
and  south  edges 

Tarr 

1906-1909 

Retreat  of  north  and  south  edges 

Tarr  and  Martin 

1909-1910 

Retreat 

Martin 

1910-1913 

Retreat,  especially  at  south  edge 

Martin 
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The  general  recession  from  1891  to  1913  is  thought  to  be  normal,  perhaps  due  to 
decreasing  snow  supply,  perhaps  slightly  accentuated  immediately  after  1899  by  the 
earthquake  shaking  in  that  year.  It  is  assumed  that  Turner  Glacier  has  not  yet  been 
subjected  to  any  profound  spasmodic  advance,  such  as  some  of  the  other  glaciers  of  the 
region  have  experienced,  but  that  the  two  periods  of  slight  forward  thrust  between  1899 
and  1901  and  between  1905  and  1906  represent  only  the  response  to  moderate  thrusts 
from  some  of  the  tributaries  overloaded  through  earthquake  avalanching.  A  great 
spasmodic  forward  movement  may  yet  be  in  store  for  this  glacier;  or  the  eflFect  of  the 
earthquake  may  express  itself  only  by  similar  repeated  small  advances. 

It  is  imfortunate  that  none  of  the  tidal  glaciers  of  Yakutat  Bay  have  so  far  responded 
to  the  earthquake  shaking,  as  some  of  the  glaciers  which  terminate  on  the  land  have  done. 
We  cannot,  therefore,  tell  what  is  to  be  expected  as  a  result  of  such  an  advance.  We 
would  infer,  however,  that  when  such  an  advance  occurs  it  will  be  a  notable  one,  for  the 
tidal  glaciers  are  already  moving  with  such  rapidity  that  they  are  broken  by  crevasses 
from  side  to  side,  and  we  would  expect  the  addition  of  a  vigorous  thrust  to  such  rapidly- 
moving  glaciers  to  push  their  fronts  rapidly  forward.  Opposing  this,  however,  is  the 
tidal  condition  of  the  glaciers,  owing  to  which  advance  under  a  forward  thrust  would 
be  reduced  by  iceberg  formation,  especially  if  a  grounded  glacier  front  were  pushed  far 
enough  forward  to  float,  or  if  the  glacier  terminus  is  already  afloat.  Another  difference 
between  the  tidal  and  non-tidal  glaciers  worthy  of  mention  in  this  connection  is  that  an 
advance  in  the  former  could  not  be  detected  by  crevassing  alone,  as  it  might  be  in  a  non- 
tidal  glacier,  because  their  surfaces  are  already  crevassed  as  much  as  is  possible.  For 
evidence  of  change  in  such  a  glacier  in  response  to  the  earthquake  shaking  one  would 
have  to  depend  upon  actual  advance  of  the  front,  and  upon  changes  along  the  margin. 

When  one  of  the  tidal  glaciers  does  push  forward  it  will  be  a  matter  of  great  interest 
to  observe  the  nature  of  the  change  not  only  because  of  the  differences  in  condition,  as 
compared  with  those  advancing  glaciers  already  observed,  but  also  as  an  indication  of 
the  extent  to  which  it  is  possible  for  these  large,  vigorous  glaciers  to  advance  by  this 
cause.  It  may  have  a  distinct  bearing  on  the  interpretation  of  earlier  changes  of  great 
extent  to  which  the  glaciers  of  this  region  have  been  subjected.  That  these  glaciers 
have  not  yet  advanced  need  not  necessarily  be  interpreted  as  indication  that  they  will 
not  do  so.  They  are  all  long  glaciers,  with  many  tributaries,  and  it  is  reasonable  to 
expect  that  a  considerable  period  of  time  must  elapse  before  they  respond  to  the  down- 
shaking  of  snow  and  ice  in  their  remote  reservoirs.  This  is  perhaps  less  true  of  the  Turner 
than  of  the  Hubbard  and  Nunatak  glaciers,  but  even  the  Turner  is  one  of  the  longest  and 
most  vigorous  of  the  glaciers  of  Yakutat  Bay;  indeed,  judging  from  the  discharge  of  ice- 
bergs from  its  front  it  is  more  vigorous  than  the  Nunatak  Glacier.  It  is  of  course  possible 
that  neither  Turner  nor  any  of  the  other  great  glaciers  may  ever  advance  notably,  not 
because  of  failure  to  receive  great  additions  of  snow  and  ice  to  their  reservoirs  by  avalanch- 
ing, for  this  is  inconceivable,  but  by  reason  of  minor  responses,  due  to  thrusts  from  indi- 
vidual tributaries  at  different  times,  dissipating  the  energy  of  the  thrust  that  in  other 
glaciers  has  been  concentrated  in  one  great  spasmodic  advance.  While  such  a  condition 
is  a  possibility,  it  is  hardly  probable  and  we  feel  warranted  in  predicting  that  in  time  the 
Turner  and  other  tidal  glaciers  of  the  Yakutat  Bay  region  will  in  all  probability  show  in  a 
spectacular  way  the  result  of  such  an  advance.  It  is  to  be  hoped  that  when  this  does 
occur,  some  observer  will  be  on  hand  to  witness  its  nature  and  extent. 
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Haenke  and  Miller  Glaciers 

General  Description.  Immediately  north  of  Turner  Glacier,  and  between  it  and  Hub- 
bard Glacier  are  two  much  smaller  glaciers,  each  of  which,  however,  is  a  great  deal 
larger  than  Galiano  Glacier.  The  southernmost  of  these  has  been  named  Haenke,  the 
other  had  no  name  until  now.^  Both  of  these  glaciers  have  their  sources  in  numerous 
small  tributaries,  some  of  them  cascading,  which  are  fed  from  the  extensive  snowfields 
that  cover  the  lofty  mountains  to  the  northwest  of  the  head  of  Disenchantment  Bay. 
Haenke  Glacier  is  the  longer  of  the  two,  its  grade  is  also  steeper  than  that  of  its  neighbor, 
and  it  is  set  more  deeply  in  its  valley.  Both  are  normal  valley  glaciers,  and  until  1906 
both  extended  almost  to  the  ends  of  their  valleys,  but  failed  to  reach  the  fiord,  from  which 
they  were  separated  by  alluvial  fans  built  by  the  streams  to  which  their  melting  gave 
birth.  In  each  case  the  strip  of  alluvial  fan  was  a  half  mile  to  a  mile  wide,  measured 
from  the  glacier  front  to  the  fiord,  and  the  fans  proved  conclusively  that  these  glaciers 
had  not  recently  been  tidal,  for  many  years  must  have  been  required  to  build  such  broad, 
perfect,  alluvial  fans.  Although  they  appear  in  the  photographs  of  previous  expeditions, 
these  glaciers  had  not,  until  1906,  attracted  enough  attention  in  this  region  of  much 
larger,  more  accessible  glaciers,  to  have  been  given  descriptions  or  even  names. 

From  the  photographs  taken  prior  to  1906  it  is  perfectly  clear  that  in  1891,  1899  and 
1905  these  two  glaciers  were  essentially  stagnant  at  their  lower  ends,  which  were  covered 
with  an  extensive  waste  of  black  shale  ablation  moraine,  much  as  Black  Glacier  still  is. 
Far  up  the  mountain  valley,  in  each  case,  there  was  abundant  crevassing,  and  in  the  upper 
reaches  of  each  there  was  evidence  of  distinct  activity;  but  for  two  or  three  miles  from 
the  fronts  of  the  glaciers  there  were  no  crevasses  that  could  be  seen  from  the  distance 
at  which  these  glaciers  were  observed  and  photographed. 

Advance  of  Miller  Glacier.  In  1905,  Miller  Glacier  showed  some  crevassing  which 
we  interpreted  as  a  possible  evidence  of  an  advance,  and  this  tentative  conclusion  was 
strengthened  by  the  fact  that  the  front  of  the  glacier  on  the  1905  photographs  from  Haenke 
Island  was  apparently  farther  forward  than  in  the  1899  photographs.  We  therefore 
wrote  in  the  first  draft  of  this  report,  as  follows. — "It  is  possible  that  between  1899  and 
and  1905  this  glacier  had  undergone  an  advance  as  a  result  of  earthquake  shaking,  and 
that  by  the  latter  year  its  effects  had  been  so  healed  by  ablation  as  to  be  no  longer  notice- 
able. Possibly  had  we  been  on  the  outlook  for  evidence  of  such  an  advance  in  1905,  and 
had  then  been  as  familiar  with  the  effects  of  an  advance  as  we  are  now,  we  might  have 
detected  it." 

We  have  subsequently  obtained  possession  of  a  photograph  taken  by  Ensign  C.  R.  Miller 
in  1901,  in  which  it  is  clearly  evident  that  in  the  early  summer  of  that  year  Miller  Glacier 
was  profoundly  crevassed,  quite  in  contrast  to  its  condition  in  1899  and  in  1905.  There 
can  be  no  question,  therefore,  but  that  between  1899  and  1901  Miller  Glacier  was  trans- 
formed by  crevassing,  and  that  between  1901  and  1905,  ablation  had  so  reduced  the  cre- 
vassing that  it  could  not  be  certainly  proved  by  photographs  alone.  It  thus  seems  to 
fall  in  the  series  of  advancing  glaciers  of  the  Yakutat  Bay  region,  and  about  in  the  posi- 
tion in  that  series  in  which,  from  its  small  size,  one  would  be  inclined  to  place  it — that  is 

i  To  it  we  propose  to  give  the  name  Miller  Glacier  after  C.  R.  Miller,  who,  in  charge  of  a  U.  S.  Fish 
Commission  expedition  in  1901,  took  the  photograph  from  which  we  have  been  enabled  to  discover  an  im- 
portant episode  in  its  history. 
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in  the  Galiano  series,  early  responding  to  the  earthquake  shaking.  Like  the  Galiano,  it 
must  have  advanced  within  less  than  two  years  of  the  earthquake  of  September,  1899. 
This  evidence  leads  us  still  more  strongly  to  the  belief  that,  in  all  probability,  other  small 
glaciers  of  this  region  passed  through  a  cycle  of  advance  prior  to  1905,  and  so  long 
before  it  that,  as  in  the  case  of  the  Miller  and  Galiano  Glaciers,  the  evidence  of  the  ad- 
vance was  quite  hidden  by  the  effect  of  ablation  before  the  period  of  our  first  studies,  in 
1905.  We  look  upon  the  discovery  of  the  evidence  of  this  advance  of  Miller  Glacier, 
the  time  of  which  can  be  so  definitely  determined,  and  which  falls  so  appropriately  in 
its  place  in  the  series  of  advancing  glaciers,  as  one  of  the  most  striking  confirmations 
of  the  theory  of  earthquake  cause  for  advance  which  has  so  far  been  discovered. 
It  is  valuable  confirmation  of  a  theory  when  an  expected  phenomenon,  predicted  under 
the  theory,  can  be  proved  to  have  occurred. 

It  is  further  noteworthy,  that  the  advance  and  transformation  of  Miller  Glacier  was 
less  extensive  than  that  of  the  neighboring  Haenke  Glacier.  This  also  is  expectable  under 
the  theory,  for  with  its  small  size,  upon  which  its  early  advance  depended,  a  more  moderate 
advance  should  result  than  that  of  the  much  larger  and  more  slowly  responding  neighbor. 
The  1901  photograph  does  not  show  the  exact  end  of  the  newly  crevassed  glacier  so  that 
we  cannot  now  state  where  it  terminated. 

Advancing  Haenke  Glacier.  Our  evidence  of  an  advance  of  Haenke  Glacier  is  even 
more  complete  than  that  of  Miller  Glacier,  for,  between  August,  1905,  and  June,  1906, 
it  had  undergone  a  complete  transformation  as  was  demonstrated  by  actual  observation. 
The  undulating,  uncrevassed,  moraine-covered  surface  of  1905  was  in  1906  transformed 
to  a  perfect  labyrinth  of  crevasses,  while  clear  ice  appeared  here  and  there  throughout 
the  glacier  from  as  far  back  in  the  mountains  as  we  could  see  down  to  its  front.  The 
Haenke  Glacier  in  1906  was  as  badly  crevassed  as  the  Atrevida,  but  there  was  less  clear 
ice  showing,  probably  because  of  the  slow  rate  of  ablation  here  where  the  snow-covered 
mountains  in  the  background,  the  ice-covered  fiord  in  front,  and  Turner  and  Hubbard 
Glaciers  on  either  side,  give  rise  to  a  local  climate  that  is  much  cooler  in  summer  than  in 
any  other  part  of  the  coast  of  Yakutat  Bay.  This  was  proved  by  the  presence  of  snow 
which  covered  the  alluvial  fans  in  this  section  in  July,  the  only  part  of  the  coast  of  this 
inlet  where  snow  remained  near  sea  level.  The  crevassed  surface  of  the  glacier  was,  in 
consequence,  still  so  black  with  debris  that  even  in  August  we  were  unable  to  secure  good 
photographs  from  a  distance. 

That  the  broken  glacier  had  also  been  notably  thickened  is  proved  by  a  comparison 
of  photographs.  It  can  be  seen  in  the  earlier  photographs  (PI.  XLI,  A)  that  Haenke 
Glacier  descends  over  an  increased  slope  just  as  it  reaches  the  mountain  front  and 
that  its  lowermost  portion  rests  on  the  face  of  this  slope  and  spreads  with  decreased 
slope  just  beyond  it.  This  condition,  which  closely  resembles  that  of  Turner  Glacier,  is 
interpreted,  in  the  same  way,  as  a  result  of  the  fact  that  Haenke  valley  is  a  hanging 
valley  in  its  relation  to  Disenchantment  Bay.  In  1906  this  increased  slope  was  brought 
out  with  far  greater  clearness  partly  because  the  glacier  front  extended  further,  but 
largely  because  the  amount  of  ice  on  the  slope  had  been  greatly  increased.  The 
glacier  surface  rose  much  higher,  both  above  the  lip  of  the  ice-buried  hanging  valley 
and  on  its  frontal  slope.  At  the  point  where  the  glacier  slope  changes  in  passing 
over  the  lip  of  the  hanging  valley  was  found  the  greatest  development  of  crevassing  and 
the  greatest  amount  of  clear  ice. 
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The  most  remarkable  feature  in  the  transformation  of  Haenke  Glacier  was  the  advance 
of  its  front  completely  across  the  fringing  alluvial  fan  to  the  sea.  At  the  same  time  it 
expanded  laterally,  as  Turner  Glacier  does,  with  two  wing-like  ends,  one  pointing  north- 
ward, the  other  southward.  The  latter  wing  coalesced  with  the  north  wing  of  Turner 
Glacier,  thus  forming  a  continuous  ice  cli£F  from  the  southern  tip  of  Turner  Glacier  to  the 
northern  end  of  Haenke  Glacier,  adding  nearly  a  mile  and  a  half  (PI.  XXXVI)  to  the  ice 
cliff  that  had  existed  here  ten  months  earlier.  Although  this  new  ice  front  was  com- 
pletely tidal  there  was  not  an  active  discharge  of  icebergs  from  it,  possibly  because  of 
the  fact  that  the  front  stood  in  very  shallow  water,  resting  on  alluvial  deposits  previously 
laid  down  by  the  glacial  stream  that  formed  the  destroyed  alluvial  fan.  Some  icebergs 
were  being  discharged,  however,  and  the  glacier  front  was  everywhere  a  steep  cliff; 
but  for  the  most  part  it  was  so  stained  by  the  black  shale  moraine  that  clear  ice  appeared 
in  it  only  in  small  patches  where  fragments  had  recently  fallen  (PI.  XL,  B). 

The  forward  movement  of  Haenke  Glacier  carried  its  front  at  least  4500  feet 
farther  out  than  it  had  stood  ten  months  before  (PI.  XXXVI),  and  the  terminus  of  this 
glacier  experienced  a  much  greater  actual  forward  movement  than  any  of  the  glaciers 
that  advanced  in  1906,  but  not  nearly  so  great  as  the  Hidden  Glacier  between  1906  and 
1909.  This  greater  forward  thrust  of  the  front  may  be  due  entirely  to  the  difference  in 
conditions  surrounding  the  terminus.  The  other  three  advancing  glaciers,  the  Marvine» 
Atrevida  and  Variegated  (and  also  the  Galiano)  terminate  in  expanded  piedmont  ice 
bulbs  in  which  the  movement,  thickening,  and  breakage  resulting  from  the  thrust  dissi- 
pated itself  without  accomplishing  a  large  measure  of  forward  motion  of  the  glacier  fronts; 
but  Haenke  Glacier  (and  also  the  Hidden)  had  no  such  expanded  bulb,  and  the  thrust, 
even  though  of  less  degree,  being  concentrated  on  a  front  only  slightly  broader  than  the 
valley  glacier  itself,  naturally  pushed  it  forward.  It  b  to  be  pointed  out,  however,  that 
a  part  of  the  advance  of  Haenke  Glacier  may  be  only  apparent,  for  it  is  possible  that  a 
stagnant  ice  mass  underlay  the  fringing  alluvial  fan;  but  we  have  no  proof  that  this  was  so. 

Haenke  Glacier  from  1909  to  191S.  Like  the  Atrevida  Glacier,  the  Haenke  since  1906 
had  been  so  healed  by  ablation  that  from  a  distance  one  would  not,  in  1909,  have  sus- 
pected that  it  had  so  recently  been  broken  into  impassable  condition.  The  spasmodic 
advance  cannot,  therefore,  have  lasted  much  longer  than  the  sunmier  of  1906,  if  indeed 
it  had  not  ceased  by  that  time.  All  the  crevasses  were  hidden  and  the  siurface  was  once 
more  completely  covered  from  side  to  side  from  the  front  far  up  into  the  valley,  with  a 
uniform  sheet  of  black  shale  ablation  moraine.  The  siurface  was,  perhaps,  somewhat 
more  hummocky  than  in  1905,  though  it  is  impossible  to  prove  this  from  the  photographs, 
in  which  the  condition  of  1905  and  1909  seem  almost  the  same,  though  in  each  year  vastly 
different  from  the  condition  in  the  intermediate  period  of  1906. 

The  front  of  the  glacier  was  apparently  not  so  far  out  as  in  1906,  and  it  certainly  was 
no  longer  tidal  (PI.  XLI,  B);  but  it  still  possessed  a  d6bris-stained  cliff  throughout 
practically  its  entire  front.  At  the  base  of  this  cliff  numerous  d6bris  cones  and  some 
small  alluvial  fans  had  formed,  the  former  where  moraine  had  slid  down  the  ice  front, 
the  latter  where  streams  emerged  from  the  glacier.  There  were  no  appreciable  changes 
between  1909,  1910,  and  1913.  The  short  time  that  the  glacier  was  tidal  is  proof  of 
the  conclusion  reached  in  1906  that  the  ice  cliff  rested  in  shallow  water.  It  seems  safe 
to  predict  that  the  present  cliff  will  soon  disappear  as  the  result  of  ablation,  and  that  an 
extensive  alluvial  fan  will  eventually  again  develop  and  fringe  the  glacier  front.    The 
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glacier  still  expanded  outside  its  mountain  vall^,  as  Turner  Glacier  does»  but  the 
southern  wing  seemed  in  1910  and  1913  to  no  longer  unite  with  the  northern  wing  of 
the  Turner,  as  it  did  in  1906.  We  could  not,  however,  be  certain  of  this,  since  the 
Haenke  tip  extends  in  behind  the  Turner  and  may  be  stiU  united  with  it  there. 

The  changes  in  Haenke  Glacier  thus  agree  with  those  observed  in  the  other  glaciers 
which  have  advanced  under  the  influence  of  earthquake  shaking.  The  advance  was 
abrupt,  spasmodic  and  extensive,  and  it  was  completed  in  a  vety  brief  period.  After 
being  observed  in  the  smnmer  of  1906  the  glacier  evidently  advanced  little  if  any  more, 
and  since  then  ablation  has  proceeded  with  such  great  rapidity  and  effectiveness  as  to 
heal  the  crevasses  that  the  spasmodic  advance  produced.  The  notable  advance  of  the 
front  has  not  been  counterbalanced  by  recession,  and  cannot  be  for  many  years. 

We  have  given  this  glacier  less  thorough  and  close  study  than  the  other  advancing 
glaciers,  partly  because  of  the  difficulty  of  reaching  it  throu^  the  icebergs,  but  largely 
because  prior  to  1906  it  had  not  presented  phenomena  of  sufficient  interest  to  warrant 
description  and  photographing  from  sites  close  enough  at  hand  to  permit  more  detailed 
comparative  observations.  As  compared  with  the  other  glaciers  that  advanced  in  1906 
it  is  of  interest  primarily  because  oi  the  very  notable  forward  thrust  of  its  front,  which, 
up  to  the  time  of  our  observations  on  Hidden  Glacier  in  1909,  was  quite  unprecedented 
in  amount  and  rapidity.  It  is,  therefore,  rather  unfortunate  that  we  have  no  record  of 
the  exact  position  of  its  front  before  1906. 

HUBBABD  GlACUBB 

General  Description.  Hubbard  Glacier  (PI.  XLH),  one  of  the  largest  and  grandest 
tidal  glaciers  on  the  North  American  continent,  enters  Yakutat  Bay  at  the  head  of 
Disenchantment  Bay.  No  photograph  or  description  can  do  justice  to  the  magnificence 
of  this  vast  ice  stream,  which,  having  its  source  far  back  among  the  snow-covered 
mountains,  flows  with  almost  no  stain  of  debris,  as  a  pinnacled  and  crevassed  flood  of 
pure-white  ice,  deeply  set  in  the  mountain  valleys,  among  lofty  snow-capped  peaks,  and 
terminates  in  a  lofty  ice  cliff  from  which  icebergs  are  almost  constantly  falling.  From 
every  part  of  the  fiord  from  which  this  glacier  is  visible  it  dominates  the  scene;  yet,  even 
when  looking  upon  it  from  the  most  favorable  viewpoint,  and  far  more  when  looking 
upon  a  mere  photograph  of  it,  one  cannot  realize  its  size,  for  it  is  set  in  a  mountain  scene 
of  such  surpassing  grandeur  that  even  such  a  glacier  is  dwaried  by  comparison.  How 
large  it  is  in  reality  may  be  inferred  from  the  photograph  of  the  glacier  front  on  which 
is  drawn  to  scale  the  Masonic  Temple  in  Chicago  (PI.  XLHI,  A),  and  from  the  map 
which  compares  this  lower  part  of  Hubbard  Glacier  with  the  whole  of  the  Aletsch,  Mer 
de  Glace,  and  Rhone  Glaciers  in  Switzerland  (Fig.  6). 

Hubbard  Glacier  ^  has  a  total  known  length  of  twenty-eight  miles  along  the  north 
tributary,  and  is  doubtless  much  longer,  perhaps  heading  over  forty  miles  to  the  north 
on  a  through-glacier  divide  with  the  Kaskawulsh  Glacier  north  of  the  St.  Elias  Range. 
Besides  this  north  ice  tongue  there  is  a  broad  tributary  whose  lower  twelve  and  a  half 
miles  is  all  that  has  been  seen  by  man;  and  there  are  two  much  narrower  tributaries  each 
at  least  twelve  miles  long,  five  other  branches  each  over  five  miles  long,  and  scores  of 
smaller  tributaries.    The  Hubbard  Glacier  system  includes  over  100  miles  of  known 

>  Martin,  Lawrence,  The  Hubbard  Glacier,  Alaska,  Popular  Science  Monthly,  Vol.  LXXVI,  1910,  pp.  298-805. 
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valley  gla<ners  larger  than  most  c^  those  in  the  Alps  and  there  is,  in  addition,  a  vei7 
large  unknown  area. 

The  front  of  Hubbard  Glacier,  measured  in  a  straight  line,  is  3}  to  4  miles 
vide  (Fl.  XXXVI);  but  since  the  ice  cliff  has  a  sinuous  form,  with  projections  in  the 
center,  it  is  in  reality  much  longer  than  this,  the  total  length  being  between  4J  and  S 
miles.  This  cliff  rises  between  250  and  300  feet  above  the  water  and  extends  an  unknown 
distance  below  it.  One  usually  needs  to  wait  but  a  few  moments  to  hear  from  some 
part  of  the  cliff  the  thunderiike  rumble  or  roar  which  is  the  first  announcement  of  an 


FiQ  6.    Thb  Loweb  PtffinoK  or  thi  Htibb&bd  Gl-icikb,  With  Ttiuea  Glacikbs 

or  TBI  Swtos  ALn  Sup^umpobsd  Upon  It. 

AH  four  glaciera  are  drawD  upon  the  same  scale,  those  (mm  Switzeriand  bring 

shown  from  the  nowfieldB  to  the  end  lA  the  ice  tongue.    The  contiait  <d  width 

and  length  of  these  glacien  in  Switxerland  and  in  Ala^  ij  notable. 

iceberg  fall,  followed  a  few  moments  later  by  the  appearance  of  a  great  swell  which,  on 
reaching  the  shore,  forms  a  line  of  white  breakers  even  at  a  distance  of  several  miles 
from  the  ice  cliff.  By  watching  the  ice  cliff,  one  may  see  the  huge  masses  fall  from  the 
ice  front  and  a  fountain  of  water  dash  perhaps  even  to  the  top  of  the  glacier,  and  then,  in 
a  few  seconds,  hear  the  report  which  the  rending  of  the  glacier  sends  out.  One  is 
fascinated  by  the  performance;  sometimes  it  is  only  a  small  piece  that  falls  and  then  a 
sharp  single  report,  like  the  crack  of  a  pistol,  goes  through  the  air;  again  a  part  of  the 
front  crumbles  and  the  down-sliding  ice,  broken  into  small  pieces,  seems  from  a  distance 
like  a  fountain  of  water  while  the  report  is  only  a  low  rumble;  at  other  times  huge  masses 
break  awi^,  forming  large  icebergs,  and  the  noise  then  produced  is  like  the  heavy 
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rumble  of  distant  thunder;  and  at  rare  intervals  one  may  see  a  huge  mass  of  blue  or 
black  ice  thrust  itself  up  from  below  the  fiord,  some  distance  from  the  glacier  front,  as  a 
part  of  the  submerged  ice  foot  is  broken  o£F,  and  then  no  report  is  heard,  but  the  wave 
that  follows  is  far  greater  than  usual. 

The  water  waves  which  follow  the  discharge  of  icebergs  from  the  front  of  Hubbard 
Glacier  are  of  great  magnitude.  In  September,  1913,  for  example,  the  steamship 
Prineess  Maquinna  was  aground  on  a  reef  just  west  of  Osier  Island  with  the  mem- 
bers of  the  International  Geological  Congress  who  visited  Yakutat  Bay  under  the 
guidance  of  the  junior  author.  The  ship  lay  over  a  mile  from  the  glacier,  and  yet  the 
water  wave  following  the  discharge  of  icebergs  from  Hubbard  Glacier  caused  the  steamer 
to  roll  until  she  took  in  water  on  the  main  deck,  as  first  one  side  and  then  the  other 
was  tipped  far  down  by  the  iceberg  waves. 

There  are  periods  when  for  an  hour  or  two  there  is  very  little  discharge,  and  then 
periods,  fully  as  long,  when  scarcely  a  moment  elapses  without  the  sound  of  ice-falls 
from  some  part  of  the  glacier  front.  It  is  possible  that  these  differences  are  in  some  way 
related  to  the  state  of  the  tide,  but  we  have  not  determined  whether  the  periods  of  quiet 
and  activity  form  part  of  a  regular  cycle  or  are  merely  irregular  intervals  due  to  accumu- 
lation of  strain  and  relief  from  strain  or  to  expansion  and  contraction  under  sunlight. 
YIHiile  there  are  periods  of  relative  quiet,  they  are  not  periods  of  absolute  repose,  and 
they  occupy  far  less  time  than  the  periods  of  activity.  Day  and  night  the  ice  falls  and 
the  reports  that  pass  out  through  the  air  are  so  frequent  that  it  is  fair  to  speak  of  the 
glacier  as  almost  ceaselessly  active.  The  noise  disturbs  one's  sleep  at  first  and  sometimes, 
when  an  unusually  heavy  fall  occurs,  wakens  one  even  after  he  has  grown  accustomed 
to  the  ordinary  rumble.  A  sense  of  nervous  relief  is  felt  when  camp  is  removed  to  a  part 
of  the  fiord  to  which  the  iceberg  roar  and  the  breakers  on  the  coast  do  not  reach. 

This  almost  ceaseless  activity  of  iceberg  discharge  testifies  conclusively  to  the  activ- 
ity of  the  glacier  behind.  To  supply  so  much  falling  ice  (Pis.  XTiTT,  XUV)  there  must 
be  rapid  movement  up  to  the  front.  The  broad  stream  of  floating  ice  that  stretches 
throughout  Disenchantment  Bay,  and  down  Yakutat  Bay  to  a  distance  fully  15  miles 
from  the  glacier  front  (PI.  L),  offers  further  testimony  in  the  same  direction.  And 
back  of  the  ice  cliff,  where  the  surface  from  side  to  side  is  shattered  by  an  impassable 
complex  of  yawning  crevasses,  sharp  ice  pinnacles,  and  seracs,  one  sees  almost  equally 
impressive  evidence  of  rapid  movement.  The  surface  of  Hubbard  Glacier  offers  a 
strong  contrast  to  that  of  the  slowly-moving  and  stagnant  ice  masses,  but  resembles 
their  condition  during  their  brief  periods  of  spasmodic  advance.  How  fast  the  ice  is 
moving  is  unknown,  for  no  observations  of  rate  have  yet  been  made,  but  all  facts  indi- 
cate that,  as  glaciers  go,  it  is  a  very  rapidly  moving  ice  stream. 

Concerning  the  reservoirs  which  supply  this  immense  ice  stream,  and  most  of  the 
tributaries  which  unite  to  form  it,  we  havfe  no  further  knowledge  than  that  supplied  by 
the  Boundary  Commission  map.^  According  to  this  map  the  sources  of  the  Hubbard 
Glacier  are  far  back  among  the  lofty  mountains  of  the  St.  Elias  range,  and  probably 
in  an  ice-flooded  area  similar  to  that  described  by  Russell  as  visible  from  the  upper  slopes 
of  Mount  St.  Elias.  No  one  has  yet  explored  this  region  and  the  difliculties  in  the  way 
of  such  exploration  are  great,  though  probably  not  impossible.  We  have  been  able  to 
look  far  up  the  glacier,  and  as  far  as  we  could  see,  many  miles  from  the  coast,  there  is  a 

i  Atlas  of  Award,  Alaskan  Boundary  Tribunal,  Sheet  28. 
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broad  valley  filled  with  crevassed  ice,  and  bordered  by  lofty,  snow-clad  mountain  peaks, 
one  of  which,  Mount  Hubbard,  rises  to  an  elevation  of  16,400  feet  at  a  distance  of  30 
miles  from  the  Hubbard  Glacier  front.  In  the  absence  of  a  more  thorough  survey  we 
cannot  be  certain  of  the  length  of  Hubbard  Glacier,  but  from  the  evidence  that  we  have 
the  distance  from  its  front  to  the  head  of  some  of  its  tributaries  cannot  be  less  than  30 
miles  and  may  be  even  as  much  as  50  miles.  Doubtless  it  is  made  by  the  union  of  many 
tributaries  of  various  sizes  from  Mount  Hubbard,  Mount  Vancouver,  and  the  mountains 
behind.  It  is  probable  that  some  of  these  upper  portions  of  the  Hubbard  are  through 
glaciers,  feeding  not  only  the  Hubbard  but  also  glaciers  descending  to  the  inland  side  of 
the  mountain  range,  and  possibly  even  directly  connected  with  some  of  the  feeders  of 
Malaspina  Glacier  on  the  west,  as  they  are  known  to  be  with  Nunatak  Glacier  on  the 
east. 

The  outer  portion  of  Hubbard  Glacier,  with  its  ice  cliff,  is  made  by  the  union  of  two 
large  arms,  one  from  the  direction  of  Mount  Vancouver  to  the  northwest,  the  other  and 
larger  from  the  Mount  Hubbard  region  to  the  north.  The  northwest  arm  is  a  mile  and 
a  half  or  two  miles  wide,  the  north  arm  from  two  to  three  miles  wide  where  it  emerges 
from  its  mountain  valley.  Within  the  area  visible  from  points  on  the  fiord  several  rela- 
tively small  tributaries,  extend  to  each  of  these  arms,  descending  the  mountain  valleys 
with  steep  grades  and  in  some  cases  as  cascading  glaciers,  or  else  with  cascading  ends 
just  above  their  junction  with  the  main  glacier.  Although  small  in  comparison  with 
the  two  main  arms  of  Hubbard  Glacier  several  of  these  tributaries  are  comparable  in 
length  and  width  with  the  ordinary  valley  glacier  of  the  Alps.  Each  of  the  main  arms 
of  the  glacier  has  a  moderate  grade  within  its  mountain  valley,  the  surface  slope  just  in- 
side the  mountains  being  estimated  to  be  about  5^;  but  where  they  emerge  from  the 
mountains,  and  just  above  where  th^  coalesce,  the  grade  abruptly  increases  to  twice 
that  amount.  As  in  the  case  of  the  Turner  Glacier  this  steepened  slope  is  interpreted 
as  the  result  of  the  fact  that  the  mountain  valleys  which  the  two  arms  occupy  are  hanging 
in  relation  to  the  main  fiord  valley.  In  the  same  way  is  the  cascading  condition  of  the 
lower  ends  of  the  tributaries  to  the  two  arms  of  the  Hubbard  interpreted  as  a  result 
of  the  fact  that  these  tributary  valleys  are  hanging  above  the  valleys  in  which  the  two 
main  glacier  arms  lie. 

Below  the  steepened  slopes  the  north  and  northwest  arms  unite,  forming  a  broad 
plateau  with  an  undulating  but  nearly  horizontal  surface,  broken  by  a  labyrinth  of  cre- 
vasses and  bristling  with  ice  pinnacles,  and  faced  by  the  ice  cliff  already  described. 
Whether  any  part  of  this  terminus  is  afloat,  or  whether  it  all  rests  on  the  rock  floor  of 
its  valley  cannot  be  stated.  At  the  base  of  the  steepened  slope  the  ice  surface  is  only  a 
few  hundred  feet  above  the  fiord  level,  warranting  the  prediction  that,  if  Hubbard 
Glacier  should  retreat.  Disenchantment  Bay  would  be  extended  several  miles,  and 
probably  up  to  the  base  of  the  steepened  slope. 

Both  the  two  arms  and  the  low-lying  ice  plateau  which  their  union  makes  are  remark- 
ably free  from  morainic  debris  (PL  XLVI).  This  is  in  the  main  doubtless  due  to  the 
fact  that  their  rapid  motion  prevents  the  work  of  ablation  from  proceeding  far  enough 
to  concentrate  debris  on  the  surface  before  reaching  the  front,  where  both  ice  and  d6bris 
are  floated  away.  A  contributory  cause  for  the  absence  of  debris  is  the  broadness  of  the 
valleys,  by  reason  of  which  the  avalanches  in  the  lower  valley  portion  cannot  spread  out 
toward  the  center  of  the  glacier,  while  those  that  fall  higher  up  are  not  revealed  by 
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ablation.  Another  cause  for  the  clean  surface  is  the  abundance  of  crevasses  into  which 
rock  fragments  would  naturally  fall.  While  there  is  little  moraine  on  the  surface,  the 
abundance  of  black,  dirt-laden  icebergs  that  float  away  from  the  front  of  Hubbard 
Glacier  prove  that  there  is  much  debris  in  the  lower  layers;  and  on  the  border  of  each 
arm  there  are  well-defined  lateral  moraines,  while  the  northwest  arm  has  also  a  medial 
moraine.  That  the  north  arm  has  no  medial  moraines  can  only  be  explained  by  its  rapid 
motion  and  the  consequent  ineffectiveness  of  ablation,  for  it  is  inconceivable  that  so 
great  a  glacier,  heading  so  far  back  among  lofty  mountains,  can  fail  to  have  tributaries 
of  sufficient  size  to  contribute  notable  supplies  of  medial  morainic  debris.  It  is  to  be 
noted,  however,  that  close  by  each  lateral  moraine,  and  only  a  short  distance  out 
from  it,  is  a  moraine  ribbon  that  probably  represents  a  medial  moraine  of  some 
tributary,  pushed  to  one  side  by  the  dominance  of  the  other  arm  of  the  main  glacier. 

Of  the  two  large  arms  visible  from  the  sea,  the  northern  is  clearly  not  only  the  largest 
but  far  the  most  active,  and,  in  fact,  dominant  in  the  ice  plateau  that  is  made  by  the 
coalescing  of  the  two  arms.  There  are  several  reasons  for  reaching  this  conclusion. 
The  first  of  these  is  the  larger  size  of  the  north  arm.  Even  more  noteworthy  than  this 
is  the  position  of  the  moraines  in  the  outer  ice  plateau.  The  two  arms  which  form  the 
plateau  approach  each  other  nearly  at  right  angles,  but  the  dominance  of  the  north  arm 
is  made  apparent  by  the  fact  that  its  western  lateral  moraine  proceeds  in  fairly  direct 
course  to  the  fiord,  whereas  the  medial  and  lateral  moraines  of  the  northwest  arm  bend 
sharply  and  extend  to  the  fiord  parallel  and  close  to  the  lateral  moraine  of  the  north  arm. 
The  northwest  arm  is  far  too  weak  to  deflect  the  lateral  moraine  of  the  north  arm,  but 
the  north  arm  is  strong  enough  to  bend  the  moraines  of  the  northwest  arm  at  a  right 
angle  to  the  course  which  they  were  following  up  to  the  time  that  they  came  under  its 
influence  (PL  XLV). 

The  dominance  of  the  north  arm  in  the  terminal  ice  plateau  is  also  shown  by  the  pro* 
portion  of  ice  which  it  contributes  to  the  terminus.  After  descending  its  steepened  slope» 
this  arm  fans  out  slightly,  and  at  the  £^acier  front  supplies  the  ice  for  fully  two-thirds  of 
the  ice  cliff.  This  conclusion  is  based  upon  the  distance  between  the  eastern  lateral 
moraine  and  the  moraine  which  comes  down  from  the  northwest  arm.  We  estimate  that 
the  width  of  the  ice  front  dominated  by  the  north  arm  is  fully  one-half  greater  than  the 
width  of  the  north  arm  where  it  emerges  from  its  mountain  valley  over  the  steepened 
slope. 

In  addition  to  these  evidences  of  the  dominance  of  the  north  arm,  the  northwest  arm 
furnishes  proof  of  its  own  weakness.  It  has  much  more  moraine  on  its  surface  than  the 
north  arm,  including  a  medial  moraine,  and  this  is  interpreted  as  the  result  of  its  slower 
motion  and  the  resulting  greater  effectiveness  of  ablation.  Furthermore,  the  northwest, 
arm  seems  to  have  a  buried  irregularity  of  the  valley  floor,  revealed  by  a  slight  bulge 
where  the  glacier  comes  out  of  its  hanging  valley.  The  d6bris-covered  ice  below  the 
bulge,  for  which  there  is  no  visible  source,  suggests  a  ledge  near  the  surface,  for  this  is 
the  only  dirty  portion  of  the  glacier  away  from  the  moraines  and  may  be  seen  in  earlier 
photographs  by  Russell  and  Gilbert.  Its  character  is  seen  well  from  near  Turner  Glacier. 
Since  this  area  occurs  out  in  the  glacier,  at  some  distance  from  the  margin,  it  is  inter- 
preted as  evidence  that  the  ice  in  the  northwest  arm  of  Hubbard  Glacier  is  not  as  thick 
where  it  passes  over  its  steepened  slope  as  the  north  arm  is  on  its  hanging  valley  lip. 

The  SouihecLstem  Margin.    Partly  because  of  the  interesting  features  which  it  presents. 
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and  partly  because  of  its  relation  to  Variegated  Glacier,  the  eastern  margin  of  the  Hub- 
bard Glacier  was  studied  in  some  detail  in  1905;  and  in  view  of  the  fact  that  notable 
changes  had  taken  place  when  we  studied  it  again  in  1909,  its  characteristics  will  be 
stated  here  in  some  detail.  Within  the  area  of  observation  this  margin  may  be  divided 
into  three  portions,  an  upper,  middle  and  lower  portion. 

In  the  upper  portion,  which  lies  within  and  just  outside  of  the  mountain  valley,  there 
is  a  border  of  lateral  moraine  of  considerable  breadth,  which  near  the  veiy  margin  is 
so  thick  that  most  crevasses  are  filled,  making  it  possible  for  one  to  travel  over  the  sur- 
face. But  a  short  distance  out  on  the  ice  the  surface  becomes  badly  crevassed  and 
the  moraine  much  thinner.  Between  the  glacier  and  the  mountain  there  is  a  marginal 
valley  in  which  a  small  stream  flows,  and  this  is  continued  westward  by  a  low,  undulating 
depression  in  which  lie  several  marginal  lakes  (PL  XLVII,  B.)  This  depression  is  an 
interlobate  area  between  the  Hubbard  and  Variegated  Glaciers,  and  its  outer  portion, 
where  the  two  glaciers  coalesce,  is  underlaid  by  ice. 

Below  the  depression,  for  a  distance  of  about  two  miles,  the  Hubbard  and  Variegated 
Glaciers  are  united  and  one  cannot  state  exactly  where  the  line  between  the  two  should 
be  drawn  (PL  XLII).  Nevertheless  it  is  perfectly  plain  that  all  but  a  very  small 
area  along  the  exact  boundary  is  to  be  assigned  to  one  or  the  other  of  the  glaciers.  This 
is  made  evident  by  the  character  and  distribution  of  the  moraines.  Hubbard  and 
Variegated  Glaciers  approach  each  other  at  very  nearly  right  angles,  but  Variegated 
Glacier  spreads  out  in  a  broad,  stagnant  bulb,  covered  with  moraine  from  side  to  side, 
while  Hubbard  Glacier  pursues  its  course  to  the  sea  as  a  vigorous,  actively-moving  glacier, 
uncrevassed  and  moraine-covered  only  on  the  veiy  margin.  The  marginal  morainic 
ribbons  on  the  Hubbard  bend  as  if  the  Variegated  dominated;  but,  in  view  of  the  stag- 
nant state  of  the  Variegated,  this  cannot  be  the  case  and  we  must  assume  that  the  Hub- 
bard is  set  in  a  valley  of  sufficient  depth  to  deflect  it  westward  and  prevent  it  from  in- 
vading the  area  occupied  by  the  stagnant  Variegated,  toward  which  it  is  directed  when 
it  comes  from  its  mountain  valley.  On  the  two  sides  of  the  area  of  coalescence  the  mo- 
raines are  wholly  different.  On  the  Hubbard  side  there  are  bands  parallel  to  the  direc- 
tion of  ice  motion  toward  the  fiord  and  in  these  morainic  bands  fragments  of  red  gneiss 
are  sufficiently  predominant  to  give  the  moraine  color;  but  on  the  Variegated  side  the 
ribbon  appearance  is  absent  and  in  its  place  there  is  a  confused  waste  of  ablation  moraine 
blackish  in  color  because  of  the  great  abundance  of  black  hornblende  gneiss  fragments, 
and  with  a  roughly-crescentic  banding  apparent  when  viewed  from  a  distance. 

There  is  a  noteworthy  difference  in  glacier  condition  on  the  two  sides  of  the  area  of 
junction  of  the  Variegated  and  Hubbard  Glaciers.  Where  the  two  unite  the  glacier  sur- 
face is  so  deeply  covered  with  moraine  that  the  ice  is  in  large  part  hidden,  though  it 
appears  here  and  there  in  crevasses  and  in  cliffs.  The  emergence  of  springs,  the  abun- 
dant evidence  of  slumping  of  the  moraine,  and  the  general  absence  of  vegetation  all  testify 
to  the  presence  of  ice  beneath  those  areas  in  which  no  ice  is  visible.  Usually  we  could 
also  prove  the  existence  of  ice  in  such  places  by  thrusting  our  ice  axes  down  to  it  through 
the  morainic  veneer  (PL  XLVII,  A).  The  irregular  protection  which  the  moraine  cover 
offers  to  the  underlying  ice  here,  as  elsewhere,  gives  rise  to  the  development  of  hillocks 
and  ridges,  with  intervening  kettles  and  valleys.  This  condition  of  the  glacier  extends 
not  only  over  the  junction  of  the  two  glaciers,  but  also  southward  over  the  stagnant 
outer  bulb  of  the  Variegated  Glacier. 
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Toward  the  north,  on  the  other  hand,  in  the  region  dominated  by  the  northern  arm  of 
the  Hubbard,  the  condition  is  wholly  different.  Crevasses  appear,  the  moraine  no  longer 
forms  a  continuous  cover  but  exists  in  ribbons  with  intervening  areas  of  relatively  clean 
ice,  and  in  a  very  few  yards  the  glacier  surface  becomes  quite  impassable.  Beyond  lies 
the  great  sea  of  clean,  white,  crevassed  and  pinnacled  ice,  contrasting  strikingly  with 
the  undulating  black  moraine  of  the  Variegated  Glacier.  There  is  much  variety  in  detail 
in  this  zone  of  actively-moving  marginal  ice  of  the  Hubbard.  For  example,  at  one  point 
the  broken  ice  forms  a  pronounced  dirt-covered  ridge  rising  above  the  neighboring  clear 
ice.  Here  the  layers  are  steeply-inclined,  and  it  is  evident  that  lower  d6bris-charged 
layers  have  been  upturned  and  that  the  debris  has  so  protected  the  broken  ice  from 
ablation  that  it  stands  up  as  a  prominent,  crevassed  ridge.  Here  and  there  are  small 
ponds  on  the  ice  surface,  and  everywhere  there  is  great  variety  in  the  crevassing.  One 
very  notable  feature  in  1905  was  the  presence  of  a  saucer-shaped  depression,  fully  250 
yards  in  diameter  and  100  feet  deep,  in  the  actively-moving,  crevassed  ice,  giving  a  local 
down-stream  ascent  to  a  part  of  the  glacier  surface  just  beyond  the  steep  descent  from 
the  mountain  valley.  There  are  other  undulations  of  the  marginal  surface  which  are 
interpreted  as  indications  that  the  glacier  is  flowing  over  an  irregular  bottom. 

From  this  description  the  relations  of  the  Hubbard  and  Variegated  Glaciers  are  clear. 
They  coalesce  for  some  distance,  but  each  maintains  its  individuality  in  all  but  a  very 
narrow  strip,  and  one  is  vigorously  active,  the  other  quite  stagnant.  It  is  a  question 
whether  the  imited  ice  mass  from  the  northwestern  margin  of  the  Hubbard  to  the  south- 
eastern margin  of  the  Variegated  ice  bulb  should  be  considered  as  one  piedmont  glacier. 
In  a  sense  this  is  a  warranted  interpretation  of  the  phenomena,  and  both  Russell  and 
Gilbert  adopted  this  interpretation,  and  extended  the  name  Hubbard  Glacier  to  include 
not  only  the  actively-moving  ice  but  also  the  stagnant  Variegated  bulb.  We  are  in- 
clined, however,  to  confine  the  name  Hubbard  to  the  part  dominated  by  the  vigorous 
north  and  northwest  arms,  and  apply  the  name  Variegated  to  the  stagnant  piedmont 
bulb  which  it  has  formed,  because  the  two  glaciers  are  so  different  in  character,  and 
each  portion  is  completely  formed  and  dominated  from  a  different  source.  At  the  same 
time,  we  recognize  the  fact  that  this  entire  low-lying  ice  mass,  outside  the  individual 
valleys  from  which  the  supplying  glaciers  issue,  is  a  continuous  ice  plateau,  analogous 
to  a  piedmont  glacier,  though  itself  within  a  mountain  valley.  In  this  sense  it  might  be 
warranted  to  give  a  name  tq  the  ice  plateau,  as  in  the  case  of  Malaspina  Glacier,  and 
to  give  separate  names  to  the  three  contributing  glaciers — the  northwest  arm,  the  north 
arm,  and  the  Variegated.  A  foiulh  glacier,  the  Orange,  which  barely  coalesces  with  the 
Variegated,  is  to  be  classed  with  this  system.  Certainly  at  no  very  distant  date,  as  is 
proved  by  the  high-lying  moraine  terrace  and  the  marginal  drainage  channels,  these 
four  glaciers  contributed  to  the  formation  of  a  great  trunk  glacier  which  flowed  out  into 
Russell  Fiord  and  Disenchantment  Bay;  but  now  recession  has  proceeded  so  far  that  the 
two  eastern  arms  are  so  separated  from  the  Hubbard  that  we  believe  it  best  in  accordance 
with  the  facts  to  treat  them  as  separate  glaciers  down  to  their  terminus. 

The  third  portion  of  the  southeastern  margin  of  Hubbard  Glacier  is  the  outermost  part, 
beyond  the  point  where  the  glacier  turns  so  far  to  the  west  that  it  is  again  separated  com- 
pletely from  the  Variegated  bulb.  In  this  portion  the  two  glaciers  are  separated  by  a  V- 
shaped  valley  in  whose  bottom  a  small,  branching  glacial  stream  flows,  depositing  out- 
wash  gravels  (PL  XLIX).     From  the  sea  to  the  head  of  the  valley  the  distance  is  about 
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a  half  mile,  and  at  its  head  the  undulating,  moraine-covered  ice  appears,  with  a 
depression  between  the  two  glaciers  for  several  hundred  yards  further.  On  the  south 
side  of  the  valley  rises  the  outer  portion  of  the  Variegated  ice  bulb,  here  low,  undulating, 
and  deeply  covered  with  moraine.  On  the  northern  side  (in  1905  and  1906)  the 
Hubbard  Glacier  rose  more  steeply,  but  still  with  low  enough  slope  so  that  one  could 
easily  ascend  it.  Moraine  completely  covered  this  wall  of  the  glacier  and  no  ice  was 
visible  in  it;  but  just  north  of  it,  on  the  Hubbard  Glacier  surface,  the  moraine  became 
thinner  and  more  crevassed,  and  in  a  short  distance  one  came  to  the  normal  broken 
surface  of  the  Hubbard.  This  moraine-covered  margin  extended  to  the  sea  and  there 
rose  as  a  debris-stained  cliff,  becoming  rapidly  higher  and  clearer  of  debris  toward  the 
west  until  the  normal  white  ice  cliff  of  the  Hubbard  front  was  reached.  The  amount 
of  crevassing  also  increased  away  from  the  margin,  and  with  it  the  amount  of  ice 
discharged.  For  a  quarter  of  a  mile  from  the  glacier  margin  the  debris-stained  ice  cliff 
was  so  inactive  in  1905  and  1906  that  iceberg  discharge  was  practicaUy  absent.  Only 
one  or  two  small  fragments  were  seen  to  fall,  and  the  area  of  debris-stained  cliff  face  was 
far  greater  than  the  area  whitened  by  recent  falls.  Moreover,  there  was  pronounced 
undercutting  of  the  ice  cliff  by  the  sea  water  which  proved  clearly  that  iceberg  dis- 
charge was  not  rapid.  These  facts  are  of  importance  by  contrast  with  the  condition  in; 
1909  when  an  advance  had  begun  along  this  part  of  the  southeastern  margin  of  the  Hub^ 
bard  Glacier. 

Hvbbard  Glacier  Before  RusseWs  Studies.  In  1792  and  1794  Malaspina  and  Vancouver 
visited  Yakutat  Bay  but  tell  us  practically  nothing  specific  concerning  Hubbard  Glacier. 
Malaspina's  map,  however,  and  the  description  by  Malaspina  and  Vancouver  were^ 
interpreted  by  Russell,^  Gilbert,^  and  Davidson  *  as  proving  that  Hubbard  Glacier,  joined 
by  Turner,  then  extended  southward  to  a  point  south  of  Haenke  Island  and  five  or  six 
miles  south  of  where  it  ends  now.  The  authors  of  this  book  have  opposed  this  interpre- 
tation,^ because  of  evidence  from  existing  vegetation  and  shorelines  and  absence  of  lacus- 
trine deposits  and  of  abandoned  shorelines  in  a  large  part  of  Russell  Fiord,  and  we  place  a 
different  interpretation  upon  the  conditions  encountered  by  Malaspina  in  the  light  of 
existing  floating  ice  phenomena,  although  we  recognize  the  presence,  rather  recently,  of 
a  smaUer  lake  in  lower  Russell  Fiord. 

In  Tebenkof's  Atlas  of  1848  the  chart  made,  as  Davidson  has  shown,  by  the  Russian 
Booligin  in  1807  and  Lieut.  Khromtchenko  in  18^  has  a  crescentic  ice  front  a  short 
distance  north  of  Haenke  Island  and  a  lake  is  shown  in  Russell  Fiord.  It  is  five  or  six 
miles  long  and  there  is  no  independent  lake  now.  It  b  not  dissimilar  in  width  to  upper 
Russell  Fiord.  It  drains  southward  to  the  Pacific  by  the  Situk  river  which  is  a  little  too 
long  on  the  map  and  which  now  rises  near  the  present  head  of  Russell  Fiord.  The  former 
glacial  lake  in  the  head  of  Russell  Fiord,  whose  shorelines  we  have  studied,  was  of  almost 
exactly  this  length  and  its  outlet  was  probably  the  Situk. 

The  front  of  Hubbard  Glacier  may  have  been  north  of  Haenke  Island  in  1823  and  the 
expanded  Nunatak-Hidden  Glacier  reached  the  south  part  of  Russell  Fiord  in  that  year 

» RusseU.  I.  C.  Nat.  Geog.  Mag.,  Vol.  m.  1891.  pp.  67,  07-98;  ISth  Ann.  Kept.,  U.  S.  Geol.  Survey.  1894^ 
p.  84. 

*  Gilbert.  G.  K..  Harriman  Alaska  Expedition.  Vol.  HI.  1904.  p.  70. 

*  Davidson.  George,  Trans,  and  Proc.  Geog.  Soc..*  Pacific,  1904,  p.  51. 

« Tarr.  R.  S.  and  Martin,  Lawrence,  The  Position  of  Hubbard  Glacier  Front  in  1792  and  1794,  Bull.  Amer» 
Geog.  Soc..  Vol.  XXXIX,  1907,  pp.  129-1S6. 
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and  no  conditions  of  vegetation  known  to  us  are  opposed  to  this  interpretation.  The 
rapid  retreat  of  these  glaciers  to  their  present  positions  is  not  impossible,  judging  by  the 
rapid  retreat  of  Nunatak  Glacier  from  1895  to  1909  and  the  recession  of  Muir  and  Grand 
Pacific  Glaciers  in  Glacier  Bay  a  mile  and  a  half  a  year  ^  from  1794  to  1912.  The  absence 
of  shorelines  in  northern  Russell  Fiord  might  be  accounted  for  by  the  rapidity  of  retreat 
and  quick  shifting  of  lake  levels,  or  by  retreat  southward  instead  of  northward.as  suggested 
in  a  later  paragraph. 

In  1888  Topham  reports  ^  that  '"at  the  northeast  end  of  Yakutat  Bay  the  sea-water 
flows  inland  through  a  narrow  passage  frequently  blocked  by  ice  into  a  lake  known  as 
Disenchantment  Bay.  This  bay  is  said  to  be  30  miles  long  and  to  be  surrounded  by  high 
mountains  and  great  glaciers."  In  1890  Russell  went  far  enough  north  of  Haenke  Island 
in  the  Corwin  to  see  beyond  the  bend  into  Russell  Fiord  which  he  explored  to  the  head 
in  1891,  finding  Hubbard  Glacier  not  far  from  its  present  position.* 

The  authors  are  still  of  the  opinion  that  Russell,  Gilbert,  and  Davidson  misinterpreted 
Malaspina's  map  and  description.  We  believe,  however,  that  Hubbard  Glacier  may  have 
extended  some  distance  farther  south  in  1792  than  now,  ending  nevertheless  north  of 
Haenke  Island  then  and  in  1794,  1807,  and  1823.  We  are  inclined  to  belieye  that  the 
Russell  Fiord  Lake  existed  as  recently  as  1823,  as  the  map  shows  specifically,  although 
this  implies  that  an  east  branch  of  Hubbard-Variegated  Glacier,  joined  by  the  Nunatak 
and  Hidden  Glaciers,  then  extended  over  twenty  miles  southeast  and  south  to  within 
six  miles  of  the  present  head  of  Russell  Fiord.  The  evidence  is  conclusive  that  this  con- 
dition actually  existed  in  a  very  recent  period,  and  it  may  have  been  as  late  as  1823. 

The  Disenchantment  Bay  bifurcation  of  such  an  expanded  ice  tongue  would  be  far- 
ther back  in  1823  than  the  Russell  Fiord  branch  because  the  latter  ended  temporarily 
in  fresh  water  rather  than  salt,  but  soon  melted  back  and  was  dismembered  because  salt 
water  from  the  Disenchantment  Bay  side  got  at  it.  A  Yakutat  native  told  us  in  1905 
that  his  father-in-law,  then  still  living,  remembered  when  Nunatak  Glacier  extended  to 
a  point  near  Marble  Point,  about  five  miles  southeast  of  Hubbard  Glacier  in  Russell 
Fiord.  This  all  accords  well  with  the  idea  of  a  great  advance  of  all  these  glaciers  in  the 
late  eighteenth  or  early  nineteenth  century,  the  Hubbard  and  Nunatak  Glaciers  having 
now  melted  further  into  the  moutains  than  the  adjacent  Yakutat  and  Malaspina,  because 
outwash  deposits  protect  large  parts  of  the  last  two  from  salt  water  and  rapid  melting. 

Changes  Between  1891  and  1905.  From  several  points  of  view  the  Hubbard  Glacier 
was  photographed  by  Russell  in  1891  and  by  Gilbert  in  1899,  and  both  of  these  observ- 
ers have  described  the  glacier  at  the  time  of  their  observations,  while  Gilbert  has 
made  a  study  of  the  conditions  in  1899  as  compared  with  those  in  1891.  Photographs 
were  also  made  by  the  Canadian  Boundary  surveyors  in  1895,  by  Bryant  in  1897,  and 
by  the  U.  S.  Fish  Commission  in  1901.  In  1905,  and  again  in  1906,  we  occupied  the 
exact  stations  from  which  some  of  Russell's  and  Gilbert's  photographs  were  taken,  and 
the  comparison  of  conditions  was  described  in  our  earlier  reports.*    Recent  retreat 

1  Martin,  Lawrence,  Glaciers  and  International  Boundaries,  Scientific  American  Supplement,  Vol. 
LXXVI.  1913,  pp.  129,  136-1S8. 

« Topham,  H.  W.,  Proc.  Roy.  Geog.  Soc..  Vol.  XL,  1889.  p.  425. 

» Russell.  I.  C.  Nat.  Geog.  Mag..  Vol.  m.  1891.  pp.  9^100  and  PI.  9;  ISth  Ann.  Rept,  U.  S.  Geol.  Survey, 
1894.  pp.  85.  89. 

« Tarr.  R.  S.  and  Martin.  Lawrence.  Glaciers  and  Gladation  of  Yakutat  Bay.  Alaska,  Bull.  Amer.  Geog. 
Soc..  Vol.  XXXVIII.  1906.  pp.  154-155;  Tarr.  R.  S..  ProfeMdonal  Paper  64,  U.  S.  Geol.  Survey,  1909.  p.  45. 
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southeast  of  the  glacier  is  proved  by  morainic  margins  so  recently  abandoned  as  to  be 
free  from  vegetation. 

Gilbert  had  previously  shown  that  in  1899  ^  Hubbard  Glacier  had  retreated  one  or  two 
hundred  feet  since  Russell  made  his  studies  in  1890  and  1891,  as  viewed  from  Osier  Island 
and  slightly  since  1895  as  viewed  from  Haenke  Island.  The  retreat  was  even  greater 
between  1899  and  1901,  for  Gilbert  states  that  the  1901  pictures  by  the  Fish  Commission 
party  show  that "'  at  a  point  where  a  prominent  moraine  makes  the  comparison  somewhat 
definite,  the  ice  cliflF  appears  to  have  stood  700  to  1000  feet  farther  back  than  in  1899. 
The  cliff  was  also  shortened  at  each  end  by  the  enlargement  of  the  marginal  belts  of  stag- 
nant ice." 

Between  1899  and  1905  the  northwest  part  of  Hubbard  Glacier  advanced,  as  shown 
by  comparison  of  our  photographs  with  those  from  Gilbert's  photographic  site  above 
Osier  Island.  The  west  margin  was  farther  out  in  1905  than  when  photographed  from 
Osier  Island  by  Russell  in  1891.  It  was  several  hundred  yards  farther  out  than  when 
photographed  from  Haenke  Island  by  Russell  in  1891  and  by  Gilbert  in  1899.  The  bend 
in  the  medial  moraine  of  the  northwest  arm,  as  seen  from  Haenke  Island  and  from  the 
mountain  side  above  Osier  Island,  was  a  quarter  of  a  mile  farther  southeast  in  1905  then 
in  1891,  and  several  hundred  yards  farther  in  1905  than  in  1899. 

The  exact  site  of  Gilbert's  1899  pictures  of  Hubbard  Glacier  from  the  coast  between 
Variegated  and  Hubbard  Glaciers  could  not  be  found  in  1905  because  altered  by  wave 
work;  but  from  approximately  the  same  site,  that  is  with  the  same  points  in  line  on  the 
mountains  in  the  background,  it  was  perfectly  clear  that  the  southeast  side  of  Hubbard 
Glacier  had  retreated  between  1899  and  1905,  probably  several  hundred  yards. 

This  advance  of  the  northwest  part  of  Hubbard  Glacier  and  retreat  of  the  southeast 
side  between  1899  and  1905  we  interpret  as  an  indication  of  an  advance  of  the  weaker 
northwest  arm  under  the  impulse  of  the  earthquake  shaking,  the  strong  north  arm  re- 
treating relatively  because  of  ice  lost  during  the  severe  shaking  of  the  1899  earthquakes, 
as  proved  by  the  direct  testimony  of  prospectors  who  were  encamped  beside  it  in  1899  * 
and  by  the  Fish  Commission  pictures  from  which  Gilbert  proved  a  retreat  of  700  to  1000- 
feet  between  1899  and  1901,  as  already  stated. 

Condition  in  1906.  In  this  year  we  thought  that  there  was  a  more  active  discharge  of 
icebergs  from  Hubbard  Glacier  front  than  in  the  previous  season,  and  that  there  was  a 
greater  quantity  of  ice  floating  in  Disenchantment  Bay.  But  such  evidence  is  of  little 
value,  being  mere  impression.  Comparison  with  the  photographs  of  1905,  however, 
gives  evidence  of  a  sli^t  advance  in  the  northwestern  portion  of  the  ice  front,  but  nothing* 
to  compare  with  the  advance  of  other  glaciers  in  the  region,  including  the  smaller  Varie- 
gated and  Haenke  Glaciers  nearby.  We  made  a  visit  to  the  southeastern  margin  of  the 
Hubbard  and  found  the  condition  there  unchanged,  so  that  the  description  given  in 
previous  pages  applies  as  fully  in  1906  as  to  the  preceding  year. 

Advance  in  1909.  In  the  summer  of  1909  evidence  was  observed  of  a  very  distinct 
forward  movement  (PL  XLVHI),  though  it  was  apparently  only  the  beginning.    This 

1  Gilbert,  G.  K.,  Glaciers  and  Gladation,  Harriman  Alaska  Ezpeditbn,  Vol.  8,  1004,  pp.  08-66. 

« Tarr,  R.  S.  and  Martin,  Lawrence,  Recent  Changes  of  Level  in  Alaska,  Bull.  Geol.  Soc.  Amer.,  Vol.  XVlL 
1006,  p.  SI;  Martin,  Lawrence,  The  Alaskan  Earthquakes  of  1800,  Bull.  Geol.  Soc.  Amer.,  Vol.  21, 1010,  p.  850; 
Tarr,  R.  S.  and  Martin,  Lawrence,  The  Earthquakes  at  Yakutat  Bay,  Alaska,  in  September,  1800,  Pro* 
fessional  Paper  No.  60,  U.  S.  Geol.  Survey,  1012,  pp.  15-17. 
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evidence  was  so  clear  that  it  is  brought  out  distinctly  in  the  photographs  taken  from 
the  earlier  sites.  From  Gilbert's  site,  for  instance,  at  an  elevation  of  1000  feet  on  the 
mountain  slope  above  Osier  Island,  it  was  clearly  evident  that  the  northwestern  arm  had 
continued  to  advance  since  1906,  the  extreme  western  margin  being  several  hundred 
yards  farther  out  and  the  ice  cliff  in  that  part  of  the  glacier  being  slightly  extended. 
One  of  the  evidences  of  advance  of  the  northwest  arm  discovered  in  1905  was  changed, 
namely,  the  position  of  the  bend  of  the  medial  moraine  of  that  arm.  This  bend  was 
fiulher  back,  and  where  deflected  westward,  the  curve  was  blunter  than  in  1905.  This 
might  be  due  either  to  increase  in  weakness  of  the  northwest  arm  or  to  increase  in 
strength  of  movement  of  the  north  arm.  That  it  is  not  the  former  is  proved  by  the 
continued  advance  of  the  western  margin  of  the  Hubbard.  This  leads  to  the  acceptance 
of  the  latter  interpretation,  and  direct  proof  of  its  correctness  is  supplied  by  the  con- 
dition of  the  southeastern  part  of  the  glacier.  The  extreme  outermost  part  of  the  ice 
front,  which  is  supplied  from  the  north  arm,  projected  200  or  800  feet  farther  out  than 
in  1906  and  at  least  a  quarter  of  a  mile  farther  than  in  1891.  Along  the  southeastern 
margin  there  was  much  less  debris  than  in  1905  and  1906  and  the  eastern  portion  of  the 
ice  cliff  had  a  far  larger  proportion  of  clear  ice.  A  f lulher  noteworthy  fact  was  the  position 
of  a  morainic  ribbon  that  lay  on  the  glacier  just  outside  of  the  southeastern  lateral  mo- 
raine. In  1906  it  was  much  farther  out  in  the  glacier  than  in  1909  as  if  in  the  meantime 
it  had  been  pushed  westward,  in  toward  the  valley  wall  by  the  advance  of  the  glacier. 

All  these  facts  convince  us  that  while  the  northwest  arm  had  advanced  somewhat,  the 
north  arm  had  also  begun  an  advance  in  the  interval  between  1906  and  1909.  There 
was  quite  certainly  a  much  more  active  discharge  of  ice  from  the  glacier  front  than  in 
1905  and  1906.  Sometimes  there  was  an  almost  steady  roar  for  a  half  hour.  There  was 
veiy  heavy  ice  off  the  glacier  front,  far  more  than  in  former  years,  though  it  is  of  course 
true  that  this  condition  varies  greatly  from  time  to  time.  The  natives  report  such  heavy 
ice  in  1909  as  to  interfere  with  their  sealing.  Neither  in  1905  nor  1906  was  there  nearly 
so  much  stranded  ice  on  the  beach  at  our  camp  site  on  the  west  shore  of  the  bay  as  in  1909. 
It  seemed  certain  that  the  forward  thrust  of  the  ice  front,  which  was  unquestionably 
in  progress,  was  accompanied  by  a  more  rapid  discharge  of  ice  into  the  fiord. 

Clear  and  convincing  proof  of  recent  advance  was  found  at  the  southeastern  margin 
of  the  Hubbard  Glacier.  There  was  certainly  a  considerable  advance  of  the  front  as 
viewed  from  the  photographic  sites  selected  by  Gilbert  in  1899  and  re-occupied  (approxi- 
mately) by  us  in  1905  and  1906;  but  since  these  sites  are  on  the  beach  we  cannot  be 
certain  that  we  re-occupied  them  exactly,  and  accordingly,  in  1909,  we  established  a  new 
photographic  station  (F.  Map  3)  on  a  neighboring  morainic  mound,  marking  its  site 
by  a  cairn. 

The  clearest  evidence  of  advance  of  the  southeastern  margin,  however,  is  furnished 
by  the  change  in  the  condition  of  the  glacier  itself.  The  ice  cliff,  which  extends  here  from 
the  land  into  the  sea  was  much  more  broken  than  formerly,  it  had  a  much  smaller  propor- 
tion of  d6bris-stained  ice,  and  there  were  frequent  falls  of  icebergs  from  its  face.  In 
former  years  only  small  blocks  fell  from  this  front,  and  then  only  rarely,  but  during  the 
period  of  our  observation  in  1909  there  were  many  ice  falls,  some  of  them  of  large  size. 
This  indicated  that  the  stagnant  margin  was  advancing  and  there  was  abundant  further 
proof  of  this  conclusion  in  the  change  in  condition  of  the  margin  where  it  rested  on  the 
land  nearby.     In  1906  and  previous  years  this  margin  was  a  uniformly  debris-covered 
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slo})e  up  which  one  could  easily  climb.  In  1909  the  margin  was  in  the  main  an  ice  cliff,  too 
steep  for  easy  climbing,  rent  by  a  number  of  recently  opened  cracks,  and  broken  by  thrust 
faults.  The  extreme  recency  of  tliis  breaking  was  made  evident  by  the  angularity  of  the 
eilges  of  these  crevasses,  which  had  not  been  exposed  long  enough  for  ablation  to  greatly 
nuHlify  the  original  angularity  of  breakage. 

A  veneer  of  from  1  to  3  feet  of  moraine  rested  on  the  upper  portion  of  this  newly-exposed 
iix"  olifT.  and  in  it  ocvasional  young  willow's  were  growing.  It  had  the  appearance  of  an 
ice  olifT  irceutl^-  steepened,  broken,  and  protruded  through  the  moraine  cover,  the  change 
being  easily*  seen  by  comparison  of  photographs  made  in  1905  and  1909.  As  the  ice  diff 
melted,  the  moraine  from  abo\'e  was  sliding  down,  and  with  it  the  willows  that  were 
thus  undennined.  These  rock  fragments  with  a  few  bushes,  together  with  the  debris 
that  had  fallen  awa^-  from  the  steep  ice  face,  had  formed  a  small  talus  at  the  base  ol  the 
ilH^  cliff.  For  fully  half  a  mile  fiowlders,  clay,  and  other  morainic  debris  wen  t^^nmAmg 
do^xTi  the  steep  ice  face. 

From  the  new  ice  cliff  many  small,  muddy  streams  were  issuing  and  uniting,  forming  a 
mudd^'  glacial  stream  of  considerable  proportions  in  the  V-shaped  valley  between  Hob- 
l^nl  and  Variegated  Glaciers,  where  pre\'ious|y  there  was  only  a  small  stream,  from  the 
head  of  the  %*alley,  with  trickling,  dear-water  tributaries  from  the  Hubbard  margin. 
This  augmented  drainage  united  to  form  a  muddy  pond  bai^  of  the  bowlder  beadu 
thn>ugfa  which  it  escaped  in  one  fairt>-  large  diaimeL  Where  this  pond  stood,  and  between 
it  and  the  glacier  margin,  annual  and  perennial  plants  and  willow  bushes  throve  in  IMiS 
and  1906,  but  in  1909nian>*of  these  weiesubmeiged  either  in  the  icy  water  or  in  the  mod 
that  it  was  depositing.  On  one  willow,  around  which  we  dug  in  the  fresMy-depositcd 
muil,  we  found  bark  over  a  foot  bek>w  the  surface,  from  whidi  new  roots  were  slaztiqg. 
Practically*  all  the  wiUows  part^  submerged  in  mud  were  still  growing,  wbidi  is  takca 
as  exHdence  that  the  deposits  which  were  overwfaefaning  them  had  been  there  bat  a  Aort 
time. 

iMiimtuJ  AJiomet  in  1910.  Between  July,  1900,  and  Jone^  1010,  the  junior  antkv 
found  that  forward  movement  of  the  ncwthw^st  side  of  Hubbard  Glacier  (PL  XLVni) 
exceeded  that  in  the  southeast*  where  some  points  actuaUy  receded,  altboqglk  at  least 
two  points  on  the  south  coast  advanced  daring  this  period  and  the  devmsaog  near  tbe 
mariKn  increased  devJdedty.  The  specific  measurements  quoted  below  are  baaed  opon 
a  iv$urvey  of  the  ice  fiont  ociginalty  plotted  upon  the  plane  table  map  in  1900  (3iap  S>. 
The  pholvNeraphs  taken  in  1010  abo  show  the  changes  when  compared  with  lOii 
phot\^!Taphs  from  the  same  sites.  From  Oder  Island  ^Photo.  Station  C,  Map  S]  it 
dear  that  thet^  had  been  an  advance  c/  the  ic«  point  just  ««i  of  the  center.  Fi 
Oitbeti  IVint  Photo.  Station  D.  Map  $  a  very  sKzht  retreat  of  the  west  cd^^  of  the 
idacier  was  5hown.  the  icie  point  next  it  in  the  ncwthwest  part  d  the  glacier  had  adranecd. 
appaientjy  between  jsx  and  seven  hundred  feet«  the  ice  point  nearest  mirilglaiirf  wns 
either  statioQary  vv  sS>ved  veiy  sGjcbt  reiient.  an  adjacent  cBff  (^tbe  one  pwnjiiiir^ 
farthest  in  IM^  letreated  neaiiy  lOM  feet,  a  poant  of  hbck  ice  nearer  the  sontixaat 
sk.ie  of  th^  djcser  w^fts  sciortened  afanctft  JOO  feet  aal  lanee  areas  d  black  ice  on  the 
e<k<t  $ide  wvre  dizunished  cr  had  complete^  dis^^  FromHacnkeldaBd  vPkte. 

StatioA  A.  Map  $  it  v:&$  dear  in  1910  that  the  Kxthwest  portion  and  the  cast  cc&tzal 
d:f  had  adv^k^rvd  s&httv  swx  IMNL  This  pboto«n|ib  stataon  was  not  vvitcd  in 
1«^. 
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A.    TmNER  Glacier  [.\  IBIO 
From  Station  <'  (Map  3)  on  Oairr  Island. 


B.     Haenke  Glacier  in  1900 
■  sitp  as  upper  \iew.     It  was  then  crevassed  and  advancing  (see  Plate  XLI,  I 


From  Station  A  (Map  3)  c 


A.      HaENKE   Gl^CIER  IN    1899 

It  o[  Haenke  Island  (see  Ptate  XXXVII).     Photugraph  by  G.  K.  Gilbert. 


.Map  3,;  UH  DdLer  l.-ian,l  ;'.„t  Pluto  XI.,  B). 


A.     The  Hi:bb*hu  Gl*ciek  CuFr 

Compared  in  hi-ight  with  the  Maaonic  Temple  in  Chicago. 


B.        I(EUE]t(i    l\    ■\*AKITAT    BaY    IN     1B05 


A.     ]<'i:BEt<G  IS-  Yaritat  li; 


IrEBERGS   IN    YaKITAT   BaT 


A.       StACN*NT    MOHAINE-COVEHED    EASTERN'    MARGIN    OF    HlIBBARD    GlACIER 

Slumping  so  rapidly  that  no  vegetation  grows,     Photogr&ph  taken  July  S,  190S. 
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From  the  cairn  built  in  1909  between  Hubbard  and  Variegated  Glaciers  (Photo.  Sta- 
tion F,  Map  3),  it  was  plain  in  1910  that  one  point  near  the  center  of  the  glacier  had 
advanced  since  1909  perhaps  several  hundred  feet,  that  the  dirty  projecting  cliff  had 
advanced  slightly,  and  that  crevassing  in  the  non-tidal  southeast  edge  of  the  glacier  had 
increased  somewhat.  The  same  was  observed  from  near  the  site  of  Gilbert's  beach  station, 
close  to  the  ice  edge  (Photo.  Station  E,  Map  S).  The  area  of  black  crevassed  ice  bared 
by  June,  1910,  and  of  cracking  had  not  increased  so  much  near  the  head  of  the  stream 
between  Hubbard  and  Vari^ated  Glaciers  as  close  to  the  tidal  portion,  though  even 
here  the  additional  crevassing  was  not  remarkable.  The  surface  of  the  margin  of  the 
glacier  still  showed  many  minor  hummocks  of  ablation  moraine  that  were  present  in 
1909.  The  dirty  tidal  cliff  was  a  little  less  debris-stained  than  eleven  months  before. 
All  in  all,  therefore,  although  there  had  been  noticeable  change,  the  transformation  was 
not  remarkable.  One  could  say  distinctly  that  advance  had  continued  since  1909,  but  it 
was  no  such  advance  as  took  place  in  Atrevida,  Variegated,  Haenke,  and  Marvine  lobe  of 
Malaspina  Glacier  between  1905  and  1906.  Indeed,  with  the  specific  measurements  of 
retreat  shown  in  some  points  of  the  ice  front  (Map  3),  it  is  thought  possible  that  the  ad- 
vance initiated  in  the  southeast  portion  of  the  glacier  between  1906  and  1909  was  nearly 
over  in  1910. 

The  advance  of  the  northwest  portion  of  the  glacier  Which  began  earlier  seemed  to  be 
continuing  more  vigorously.  Iceberg  discharge  from  the  front  of  Hubbard  Glacier  was 
probably  less  active  in  June^  1910,  than  in  the  previous  July.  More  floating  ice  was  pres- 
ent, but  that  was  thought  to  be  due  chiefly  to  another  cause. 

Condition  in  1913,  Because  of  the  delay  incidental  to  the  detention  of  the  Interna- 
tional Geological  Congress  ship  on  the  newly-discovered  reef  near  Osier  Island  in 
September,  1913,  the  junior  author  was  unable  to  reoccupy  any  of  the  photographic 
sites  established  in  earlier  years.  It  was  clear,  however,  that  the  slight  advance  of 
Hubbard  Glacier  in  1909-10  was  practically  over  before  1913.  No  part  of  the  ice 
front  had  advanced  significantly  and  the  western  and  southeastern  margins  seemed  to 
have  retreated  slightly.  Iceberg  discharge  was  much  less  active  than  in  1910,  a  fortu- 
nate circumstance  to  which  may  be  ascribed  the  fact  that  no  more  damage  was  done  to 
the  vessel  during  her  half  day's  stay  upon  the  reef  in  front  of  Hubbard  Glacier. 

Significance  of  the  Advance.  The  complex  history  presented  by  the  Hubbard  Glacier 
corresponds,  in  a  way,  with  that  of  the  Turner,  and  the  interpretation  placed  upon  it  is 
the  same.  It  does  not  follow,  of  course,  that  the  rather  deliberate  advance  of  the 
northwestern  arm  from  1901  to  1910  following  the  retreat  of  100  to  200  feet  between  1890 
and  1899  and  of  700  to  1000  feet  between  1899  and  1901,  is  theonly  response  that  this  part 
of  the  glacier  will  show  to  the  effects  of  earthquake  shaking.  It  may  be  that  the  advance 
was  merely  the  result  of  climatic  influences,  or  of  an  impulse  due  to  earthquake  shaking 
imparted  by  one  or  a  small  number  of  tributaries,  and  that  a  still  greater  forward  move- 
ment is  yet  in  store.  It  would  be  interesting  and  quite  unexpected  if  so  large  a  glacier 
gave  such  a  weak  response  to  the  cause  which  pushed  the  front  of  the  far  smaller 
neighboring  Haenke  Glacier  forward  nearly  a  mile,  or  if  the  north  arm,  which  is  so 
active,  should  fail  to  respond  strongly  and  advance  vigorously  later,  as  it  did  weakly  in 
1909-10.  It  is  by  no  means  an  impossibility  that,  under  the  influence  of  such  a  thrust, 
Hubbard  Glacier  front  might  be  pushed  forward  two  miles  across  the  fiord  to  the 
mountain  side  behind  Osier  Island,  making  Russell  Fiord  into  a  lake  once  more. 
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Tabitlab  Stateubnt  or  Oscillations  or  Hubbabd  Glacieb 


Year 

Nature  of  Change 

Baeed  on  obeervaiicns  by 

1890-1891 

Shght 
advance 
of 

west 

part 

Russell 

1891-1895 

Canadian  Boundary  Survey 

1895-1897 

Slight  retreat 

Bryant 

1897-1899 

Gilbert 

1899-1901 

Retieat  west  part  700-1000  ft 

Advance  west 
part  several 
hundred 
yards;  re- 
treat east 
part  several 
hundred 
yards 

U.  S.  Fish  Commission 

1901-1905 

Tarr  and  Martin 

1905-1906 

Continued  advance  west  part;  veiy  little 
change  east  part 

Tarr 

1900-1909 

Continued  advance  of  west  part;  slight  ad- 
vance and  crevassing  of  east  part 

Tarr  and  Martin 

1909-1910 

Continued  advance  of  west  part  660  feet; 
some  retreat  and  some  advance  in  east 
party  but  slight  increase  in  crevassing. 

Martin 

1910-1913 

Recession    of    western   and    southeastern 
margms 

Martin 

CHAPTER  Vn 

THE  VAKBEGATED,  ORANGE  AND  BUTLER  GLACIERS 

Variegated  Glacier 

Previous  Description.  Russell,  the  first  scientific  man  to  see  this  glacier  which  lies 
just  east  of  Hubbard  Glacier  described  it  as  follows  ^  in  1890: — 

"A  debris-covered  glacier,  so  completely  concealed  by  continuous  sheets  of  stones 
and  earth  that  its  true  character  can  scarcely  be  recognized,  descends  from  the  mountains 
just  east  of  Hubbard  Glacier.  It  is  formed  by  the  union  of  two  principal  tributaries, 
and,  on  reaching  comparatively  level  ground,  expands  into  a  broad  ice  foot,  but  does  not 
have  sufficient  volume  to  reach  the  sea/' 

On  his  second  expedition  in  1891,  having  a  better  view  of  it,  Russell  decided  that  the 
Variegated  Glacier  coalesced  with  the  Hubbard.' 

'^East  of  Hubbard  Glacier  there  is  a  large  buried  glacier  fed  by  several  ice  streams  from 
the  mountains  above,  which  I  judged  from  the  view  obtained  from  the  Corwin,  in  1890, 
was  separated  from  the  Hubbard  Glacier,  but  better  opportunities  for  observation  ob- 
tained a  year  later  showed  that  the  two  ice  bodies  are  confluent." 

Gilbert '  reached  the  same  conclusion  in  1899,  as  did  Gannett  *  in  making  his  map. 
Gilbert's  description  of  what  we  now  call  Variegated  Glacier,  based  on  seeing  it  from  be- 
tween Hubbard  and  Variegated  Glaciers  and  upon  a  comprehensive  view  from  the 
1000  foot  station  above  Osier  Island,  was  as  follows.  He  is  writing  about  the  combined 
Hubbard  and  Vari^ated  Glaciers. 

'^The  southeastern  third  of  the  glacier  was  moraine  covered,  not  only  at  the  water 
edge  but  for  nearly  or  quite  two  miles  inland.  The  material  was  coarse  and  angular, 
and  was  divided  into  zones  or  belts  distinguished  at  a  distance  by  their  contrasting 
colors — ^black,  yellow,  purple,  green,  blue-black,  and  orange  or  rusty.  These  bands 
had  not  the  ordinary  arrangement  of  parallel  medial  moraines,  but  tended  rather  to 
contour  the  slope,  and  the  search  for  their  origin  and  meaning  would  make  an  in- 
teresting and  profitable  study.  Some  of  them  occupy  ridges  and  others  hollows, 
suggesting  inequality  in  their  ability  to  retard  the  melting  of  the  ice  beneath,  but 
the  whole  surface  was  rugged  in  detail,  exhibiting  a  continuous  series  of  hummocks 
and  kettles.*' 

Our  interpretation  of  the  relationship  of  Hubbard  and  Variegated  Glaciers,  already 
stated  in  connection  with  Hubbard  Glacier,  is  that,  although  the  two  glaciers  undoubt- 
edly coalesce,  they  are  essentially  independent  (Map  3).    The  name  Variegated  has, 

>  Russell,  I.  C,  An  Expedition  to  Mount  St.  Elias,  Nat  Geog.  Mag.,  Vol.  8»  1891,  p.  100. 

>  Russell,  I.e.,  Second  Expedition  to  Mount  St.  Elias,  in  1891.  Thirteenth  Ann.  Rept.,  U.  S.  Geol.  Survey, 
pt  2,  1892,  p.  85. 

*  Gilbert,  G.  K.,  Glaciers  and  Gladation,  Harriman  Alaska  Expedition,  Vol.  8, 1904,  pp.  6S-65. 
« Gannett,  HenrjE,  Same,  Plate  VIII,  opposite  p.  62. 
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therefore  been  applied  not  only  to  the  valley  f eeder»  but  also  to  the  stagnant,  piedmont 
area  that  spreads  westward  until  it  partly  unites  with  the  Hubbard. 

In  1905  we  assumed,  with  Russell  and  Gilbert,  that  the  Vari^^ted  Glacier  bulb  was 
fed  by  two  glaciers,  the  Variegated  and  Orange,^  but  in  1906,  on  a  journey  to  the  sup- 
posed eastern  tributary,  now  named  the  Orange  Glacier,  it  was  found  that,  while  this 
glacier  did  actually  coalesce  with  the  Variegated  for  a  short  distance,  the  two  were  quite 
independent,  and  the  stagnant  piedmont  area  was  entirely  supplied  and  dominated  by 
the  Variegated  Glacier.  It  has  therefore  been  necessary  to  change  the  names  applied 
in  1905  under  the  supposition  that  the  piedmont  area  was  supplied  by  two  arms. 

The  Variegated  Glacier  and  its  piedmont  bulb  presented  many  features  of  interest  in 

1905,  especially  the  nature  and  distribution  of  its  ablation  moraines,  but  in  1906  it  was 
absolutely  transformed  by  a  spasmodic  advance.  Therefore  in  both  years  it  received 
considerable  attention.    The  statement  and  discussion  of  the  observations  of  1905  and 

1906,  which  are  fully  presented  in  the  reports  on  the  expedition  of  these  years,  are  in 
the  main  so  essential  to  a  clear  understanding  of  the  changes  observed  in  1909,  that  it  is 
necessary  to  restate  the  main  points  in  the  previously  published  description. 

Valley  Portion  in  1906.*  Variegated  Glacier  descends  in  serpentine  course  from  an 
unknown  source  among  the  mountains  east  of  Mt.  Seattle  through  a  deep  valley  bordered 
by  mountain  walls  greatly  steepened  by  glacial  erosion.  We  ascended  this  glacier  to  an 
elevation  of  2100  feet,  finding  the  ice  everywhere  smooth  and  easy  to  traverse  (PL  LIII)» 
with  only  here  and  there  a  crevasse,  or  small  group  of  crevasses,  in  the  upper  portion, 
but  nowhere  finding  our  progress  impeded.  In  cross-section  the  glacier  surface  was  flat, 
with  a  descent  on  either  margin,  increasing  in  steepness  toward  the  vall^  mouth.  The 
glacier  grade  varied  considerably,  but  within  the  mountains  was  usually  from  7  to  10 
degrees,  though  near  the  valley  mouth  the  grade  became  much  less,  and  in  some  areas 
the  ice  surface  was  quite  flat,  and  even  locally  had  an  upstream  descent.  Below  the  snow 
line,  which  lay  just  above  the  highest  point  which  we  reached  (2100  feet),  ablation  was 
rapidly  in  progress  increasing  greatly  in  the  lower  portion,  where  both  lateral  and  medial 
moraines  appeared,  while  scattered  patches  of  moraine  and  angular  blocks  were  strewn 
over  the  surface. 

The  evidence  was  complete  that  even  well  within  its  mountain  valley  the  Variegated 
*Glacier  was  only  moderately  active,  while  in  the  lower  part  of  the  valley  portion  the 
iglacier  was  quite  inactive.  This  inactivity  of  the  lower  portion  was  shown  not  only  by 
the  lack  of  crevassing,  and  the  fiat  or  undulating  surface  strewn  with  d6bris,  but  also 
tby  the  presence  of  a  marginal  valley  on  either  side  with  moraine-covered  ice  for  one 
wall  and  the  moimtain  side  for  the  other.  The  smoothed  and  striated  mountain  walls, 
and  the  presence  of  moraine  terraces  on  their  slopes,  on  which  only  a  few  scattered 
annual  plants  had  yet  encroached,  proved  that  at  a  very  recent  date  this  glacier  had 
been  more  expanded  and  was  then  in  contact  with  the  mountain  wall  dear  down  to  the 
end  of  the  valley. 

The  moraine  on  the  glacier  was  mainly  angular  and  evidently  largely  derived  from  rock 
falls  from  the  mountain  sides,  which  include  a  variety  of  rock  types,  including  black 

t  Tarr,  R.  S.  and  Martin*  Lawrence,  Gladen  and  Glaciation  of  Yakutat  Bay,  Alaska,  Bull.  Amer.  Geog.  Soc, 
Vol.  XXXVm,  1906,  pp.  147-149. 

I  See  Tarr,  R.  S.,  The  YakuUt  Bay  Region,  Alaska,  Professional  Paper  64,  U.  S.  GeoL  Surrey,  1900,  pp.  46-^S. 
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hornblende  gneiss  near  the  valley  mouth  on  both  sides,  and  above  this,  green  argillite 
schist,  white  granite,and  red,  orange,and  banded-gr^  gndas  that  on  oqwsure  to  weather 
rusts  to  different  colors.  AH  these  rock  types  were  present  in  the  flngiil«r  moraine  that 
was  strewn  in  bands  and  patches  over  the  lower  portion  of  the  valley  gUuder. 

The  Expanded  Btdb  in  1906.  On  emerging  from  its  vaU^  (Map  S,  in  pocket). 
Variegated  Glacier  expanded  in  a  broad,  bulb-shaped  piedmont  area,  which  was  evi- 
dently completely  stagnant.  This  bulb  spread  westward  imtil  it  coalesced  with  Hubbard 
Glacier,  and  southward  almost  to  the  fiord.  Throughout  the  piedmont  bulb  the  surface 
was  almost  completely  covered  with  ablation  moraine,  increasing  in  thickness  toward 
the  periphery.!  The  piedmont  area  consisted  of  three  quite  different  parts:  (1)  just 
beyond  the  valley  portion  of  the  glacier  an  expanded  bulb  mostly  covered  by  a  aeries  of 
crescentic  moraine  ridges  of  different  colors,*  thou^  with  ice  appearing  here  and  there  id 
small  areas;  (2)  a  crescentic  interior  flat  mainly  of  gravd,  but  with  ice  beneath;  and  (3) 
an  outer,  much  larger  area  so  deeply  covered  with  moraine  that  ice  showed  in  only  a  few 
places. 

The  Inner  BvB>.  Between  the  interior  flat  and  the  vall^  glader  the  inner  bulb  began 
abruptly  in  a  steep  ice  wall  riung  fully  100  feet  above  the  partially  d^bris^veneered  portion 
of  the  valley  glacier.    This  slope 

rose  up  to  a  ridge  whose  crest  i    V    I  ^  ' 

was  covered  with  blocks  <rf  a  *'/(/'■  "  *' 
gr^  quartz  gneiss  which  on  ex-  J  '  ■  ■ 
posure  to  the  weather  rusted  to 
an  orange  yellow,  giving  to  the 
moraine  ridge  a  distinct  orange 
tinge  noticeable  at  a  distance  of 
7  or  8  miles.  'Diis  orange  mo- 
raine ridge  was  crescentic  in 
form  with  ihe  concave  side  up- 
stream, and  on  its  eastern  end 
it  merged  into  the  eastern  lateral 
moraine  of  the  valley  part  of  the 
Racier. 

Outside  the  orange  moraine, 
down  as  far  as  the  interior  flat,. 
were  a  succession  of  valleys  and 

ridges,  all   crescentic   in   form 

fv      rt\       rrn.  II I        Fua.  7.    Sketdi  map  at  bu>dediiun«tnet  of  VanegBtedGlmcierm  IMS. 

(tig.  1).     The  valleys  were  lo-      ^,  while  gnuite  monjiw;  B.  led  nuted  noMine:  C.  hornblende 
cated  in  areas  of  thin  moraine,     ^wiMmonuiie;i>,bitcrioraiti£,Kdm<inuiK:^,  pu^ei 
while  the  ridges  marked  the  sites 
of  thicker  morainic  accumula-      reached  in  lOOs. 
tion;  but  nowhere  was  the  mo- 
raine thick.     The  crescentic  ridges,  whose  radius  increased  toward  the  interior  flat, 
were  notably  different  in  color.     That  next  the  orange  moraine  was  greenish  in  color, 

■  For  a  more  detailed  descriptioii  of  thii  piedmont  area,  tee  Tarr,  B.  S.,  The  Yakutat  Bay  Resion,  AImIcb, 
Profesaioiial  Paper  M,  U.  S.  Gec4.  Survey,  1909,  pp.  47-19. 

■  First  obaerred  and  deacribed  by  Gilbert  in  1899. 


RwiMti. _..        ..      

U.  green  moraine;  H,  orange  moraine;  /,  ice  aoiface;  /,  beatji;  K, 
glacial  itieam,  IBOS;   L,  ^adal   itream,    1006;  M,  higheat  pcint 


118  ALASKAN  GLACIER  STUDIES 

due  to  a  predominance  of  green  schist,  while  beyond  this  came  a  purplish  moraine,  due 
to  the  presence  of  a  purple  gneiss  in  suj£cient  quantities  to  mask  the  scattered  red,  orange 
and  black  fragments  in  it.  There  were  other  shorter,  less  distinct  moraines  with  curva- 
ture parallel  to  the  neighboring  more  pronounced  ridges.  The  purple  moraine,  which 
had  a  width  of  about  an  eighth  of  a  mile,  descended  steeply  to  the  interior  flat,  but  on  this 
descent  were  two  minor,  not  very  distinct  ridges,  one  red  in  color,  the  other  white,  owing 
to  the  presence  of  many  fragments  of  white  granite. 

Because  of  our  interest  in  the  peculiar  banded  moraines  we  traversed  this  part  of  the 
ice  bulb  and  nowhere  found  the  least  evidence  of  motion.  It  was  a  greatly  loudened 
surface,  strewn  with  large  angular  blocks,  but  not  a  single  crevasse  was  found.  Here 
and  there  ice  was  seen,  especially  on  the  steeper  ridge  slopes  and  in  the  valleys,  and  every- 
where there  was  clear  evidence  that  ice  existed  just  beneath  the  moraine  surface,  and  we 
could  usually  reach  it  by  thrusting  our  ice  axes  into  the  moraine.  The  surface  was  con- 
stantly shifting  by  the  undermining  caused  by  melting  of  the  ice  beneath,  and  probably 
this  is  the  main  reason  why  there  was  so  little  vegetation.  Scattered  willows,  none  over 
two  years  old,  were  growing  here  and  there  on  all  the  moraine  ridges  excepting  the  orange 
moraine.  Many  dead  plants  were  seen,  and  many  others  with  their  roots  partly  exposed 
by  recent  undermining.  Evidently  in  such  a  shifting  soil  the  growth  of  but  a  year  or 
two  was  all  that  a  plant  could  attain  before  the  slumpingof  the  surface  removed  the  soil 
in  which  it  was  growing. 

The  Interior  Flai  in  1905,  The  interior  flat  had  the  form  of  a  crescent  with  the  con- 
cave side  toward  the  mountain  valley,  where  it  was  bordered  by  the  steeply-rising  red 
and  purple  moraine  whose  crest  was  about  250  feet  above  it;  on  the  outer  side  it  was 
bordered  by  the  concave  ridge  of  the  broad,  black  hornblende  gneiss  area  of  the  outer 
bulb,  which  rose  over  200  feet  above  it.  The  flat  was,  therefore,  a  very  notable  feature, 
(PL  Lly  A)  interrupting  the  succession  of  crescentic  moraines  of  the  inner  and  outer 
bulbs.  Its  length  was  more  than  a  mile  and  its  width  in  its  widest  part  fully  three  quar- 
ters of  a  mile,  but  narrowing  rapidly  toward  either  end.  Its  elevation  was  about  100 
feet  above  sea  level.  The  surface  of  the  interior  flat  was  mainly  composed  of  gravels 
brou^t  by  streams  issuing  from  the  inner  bulb  of  the  Validated  Glacier,  but  some  low 
ridges  and  hununocks  rose  above  the  alluvial  flats.  There  were  areas  of  depression  oc- 
cupied by  lakes,  some  pits  formed  by  recent  settling,  and  numerous  cracks  and  faults, 
proving  that  the  settling  was  still  in  progress.  These  facts  prove  the  presence  of  ice 
beneath  the  interior  flat,  but  that  it  was  not  in  motion  was  clearly  indicated  by  the 
general  levelness  of  the  floor  of  the  interior  flat.  Probably  the  ice  beneath  the  flat  was 
very  thin. 

It  is  believed  that  the  interior  flat  represents  the  site  of  a  clear  ice  area,  such  as  is  ob- 
served in  other  glaciers  of  this  region,  which,  when  the  glacier  became  stagnant,  was  so 
lowered  by  ablation  that  it  formed  a  depression  in  the  glacier  bulb  in  which  sedimentation 
ultimately-  began,  thus  bui^nng  the  ice.  In  1905  two  streams  were  contiibuting  to  the 
allu\*ial  deposits,  one  from  the  northern  side  bringing  the  drainage  of  the  northern  margin 
of  the  Variegated  Glacier,  the  other,  and  much  the  larger,  emerging  (Fl.  LVII,  A)  from  an 
ice  gorge  in  the  southern  portion  of  the  inner  bulb,  then  descending  in  a  fall  into  a  granite 
gorge,  from  which  it  emerged  first  across  moraine,  then  upon  the  interior  flat.  Both  streams 
flowed  in  branching  course  across  the  interior  flat,  and  then,  after  uniting,  passed  thiouc^ 
a  moraine-walled  ice  gorge  in  the  outer  bulb  of  the  ^huaers,  and  final]y,  uniting  with  a 
stream  from  Orange  Glacier,  flowing  in  many  distributaries  to  the  fiord  over  a  very  laigt 
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alluvial  fan  outside  the  periphery  of  the  outer  bulb.  The  ice  drainage  was  therefore  pecul- 
iar, for,  on  emerging  from  the  glacier  it  passed  first  over  a  lowered  part  of  the  glacier 
which  it  was  burying  with  its  deposits,  then  throu^  an  ice  gorge  across  the  outer  bulb, 
building  another  alluvial  fan  deposit  there.  With  the  development  of  the  interior  flat 
there  has  probably  been  a  notable  decrease  in  the  rate  of  growth  of  the  outer  alluvial 
fan  because  so  much  of  the  sediment  was  left  by  the  streams  in  the  interior  flat. 

The  Outer  Bidb  in  1905.  The  outer  bulb,  beyond  the  interior  flat,  had  the  same  gen- 
eral features  in  1905, 1906  and  1909.  It  rose  steeply  above  the  flat  to  a  height  of  about  a 
hundred  feet,  and  thence  to  its  periphery  consisted  of  an  irregular  hummocky  morainic 
mass.  For  the  first  half  mile  or  so  this  moraine  had  a  general  black  color  due  to  predom- 
inance of  black  hornblende  gneiss,  though  throu^out  its  extent  there  were  scattered 
fragments  of  white  granite,  purple  gneiss  and  other  rocks.  Outside  the  black  hornblende 
moraine  came  a  narrow  band  of  red  rusted  gneiss,  then  a  belt  a  quarter  of  a  mile  or  more 
in  width,  in  which  there  was  such  an  abundance  of  white  granite  fragments  among  the 
black  hornblende  as  to  give  the  moraine  a  grayish  appearance  when  viewed  from  a  dis- 
tance. In  the  black  hornblende  belt  there  was  everywhere  distinct  evidence  of  the 
presence  of  ice  at  no  great  distance  beneath  the  surface,  and  eveiy  here  and  there  ice  was 
seen;  but  this  moraine  was  much  thicker  than  that  on  the  inner  bulb.  No  ice  has  been 
actually  observed  in  the  outer  belt  of  white  granite  moraine,  but  we  are  convinced  that 
ice  existed  there  even  to  the  very  periphery  where  the  bulb  rises  above  the  beach.  We 
reach  this  conclusion  because  the  moraine  surface  is  cracked,  there  were  areas  of  slump- 
ing, and  much  cold  water  was  issuing  in  small  streams  or  standing  in  shallow  lakes. 
It  is  even  possible  that  the  ice  extended  out  beneath  the  fiord,  for  there  is  here  a  broad 
shoal  extending  at  least  a  quarter  of  a  mile  off  shore. 

On  the  black  hornblende  moraine  there  was  a  general  absence  of  vegetation,  though 
moss,  tufts  of  grass,  and  scattered  annual  plants  occurred  here  and  there,  and  there  were 
occasional  young  alders  and  willows,  rarely  more  than  one  or  two  years  old,  though  one 
was  found  with  ten  annual  rings.  Toward  the  periphery  of  the  bulb,  where  the  moraine 
was  thicker,  the  ice  thinner,  and,  therefore,  the  conditions  of  stability  much  greater,  the 
amount  of  plant  growth  increased  rapidly.  On  the  very  outer  portion  of  the  moraine 
were  small  alder  thickets  with  bushes  having  usually  no  more  than  eight  rings  of  annual 
growth. 

It  was  evident  in  1905  that  no  ice  motion  extended  across  the  interior  flat  to  the  outer 
bulb,  and,  in  fact,  that  there  had  been  no  motion  in  this  outer  portion  of  the  glacier  for  a 
number  of  years  before  that.  The  outer  bulb  was,  therefore,  passing  through  a  period 
of  wastage  with  no  addition  to  its  supply,  and  the  inner  bulb  had  started  upon  the  same 
career,  having  progressed  far  enough  in  it  to  become  almost  completely  moraine-covered. 
The  condition  of  1905  gave  reason  for  believing  that  both  the  outer  and  inner  bulbs, 
together  with  the  interior  flat,  were  on  the  road  to  complete  destruction  by  ablation, 
and  had  it  not  been  for  the  spectacular  changes  of  the  succeeding  year  there  would  doubt- 
less have  been  little  of  interest  to  record  about  this  glacier  except  the  progress  of  its  wast- 
age and  the  interpretation  of  its  morainic  phenomena. 

The  Advance  of  1906,  We  saw  Variegated  Glacier  for  the  last  time  in  1905  about  the 
middle  of  August,  and  its  condition  was  then  as  described  above.  About  ten  months 
later,  in  June,  1906,  when  the  senior  author  approached  it,  he  saw,  even  from  a  distance, 
that  it  was  utterly  transformed.    The  outer  moraine,  outside  the  interior  flat  was  un- 
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changed,  and  the  flat  itself  was  unaltered  excepting  by  being  narrowed  by  advance  of 
the  ice  on  the  inner  side;  but  all  above  the  interior  flat  was  completely  changed.  Far 
up  the  valley,  to  the  point  where  we  had  so  easily  walked  ten  months  before,  the  ice  sur- 
face was  a  maze  of  jagged  pinnacles  and  seracs  with  intervening  crevasses.  The  ice  rose 
higher  in  its  valley.  It  extended  to  the  walls  of  the  mountain  valley.  All  smooth  ice  was 
gone,  and  the  medial  and  lateral  moraines  were  destroyed.  It  had  become  an  entirely 
different  glacier  in  almost  every  respect  in  the  brief  interval  of  ten  months.  From  the 
valley  mouth  to  its  head  the  glacier  was  impassable,  and  there  was  not  a  half  acre  that 
was  unbroken.  The  entire  valley  glacier  was  broken  as  an  ice  fall  is  in  Alpine  valleys* 
or  as  the  Hubbard  Glacier  is  back  of  its  ice  cliff.  It  seemed  almost  incredible  that  ten 
months  before  one  could  go  over  this  surface  in  any  direction,  encountering  a  crevasse 
only  here  and  there.  In  August,  1905,  sleds  could  have  been  easily  drawn  over  the  valley 
glacier;  in  1906  one  could  go  out  on  the  glacier  only  with  the  greatest  difficulty. 

The  crevassing  extended  throughout  practically  the  entire  inner  bulb,  destroying  the 
series  of  colored  moraines  of  1905,  and  replacing  this  area  of  moraine-covered  ridges  and 
hummocks  with  a  maze  of  jagged  pinnacles  and  deep  crevasses.  In  1905  from  a  distance 
no  ice  could  be  seen  in  this  area  of  banded  moraines,  but  in  1906  fully  half  the  surface 
was  clear  ice.  Much  of  the  moraine  had  fallen  into  the  crevasses,  and  the  only  indication 
of  the  former  series  of  banded  moraines  was  the  presence,  here  and  there,  of  a  faint  tinge 
of  color  on  the  broken  ice  surface.  Our  attempts  to  climb  upon  the  broken  ice  to  a  point 
where  we  could  photograph  from  approximately  the  same  position  which  we  occupied 
in  1905  were  baffled  by  the  intricate  maze  of  crevasses  which  extended,  in  all  directions* 
to  the  very  edge  of  the  inner  bulb. 

The  peripheiy  of  the  inner  bulb  had  been  pushed  forward  a  100  yards  or  more,  overrid- 
ing the  granite  gorge  through  which  the  glacial  torrent  emerged  upon  the  interior  flat  in 
1905  (PL  LVn,  A,)  and  narrowing  the  interior  flat  somewhat.  There  was  a  notable  thick- 
ening of  the  inner  bulb  also,  but  we  had  no  means  of  determining  the  amount,  though 
the  front  cannot  have  been  less  than  200  or  300  feet  higher  in  1906  than  it  was  in  1905. 
The  advance  of  the  front  of  the  bulb  upon  the  interior  flat  was  in  the  nature  of  overriding 
rather  than  a  pushing  forward  of  the  ice  beneath  it,  plainly  proving  that  the  ice  beneath 
the  flat  was  very  thin.  For  this  reason,  the  effect  of  the  thrust  was  not  communicated 
across  the  flat  to  the  outer  bulb,  which  remained  the  same  in  1906  as  it  was  in  the  previous 
year. 

One  of  the  most  notable  changes  brought  about  by  the  advance  was  upon  the  marginal 
drainage.  By  overriding  the  granite  gorge  the  outflow  of  the  glacial  torrent  at  this 
point  was  checked  and,  for  the  time  being,  the  interior  flat  was  robbed  of  this,  the  greatest 
source  for  the  alluvial  deposits  that  had  been  accumulating  in  it.  At  the  same  time» 
naturaUy,  the  volume  of  the  glacial  stream  that  outflowed  through  the  ice  gorge  across 
the  outer  bulb  i^as  correspondingly  diminished  and,  therefore,  the  principal  source  of 
water  for  the  building  of  the  western  part  of  the  great  alluvial  fan  beyond  the  outer 
bulb  was  withdrawn.  This  alluvial  fan,  the  largest  in  Russell  Fiord,  was  notable  not 
only  for  its  size  but  also  because  its  eastern  half  was  covered  by  an  alder  thicket,  while 
its  western  half,  crossed  by  the  branches  of  the  stream  just  mentioned,  was  barren  of 
vegetation,  as  is  normal  for  growing  alluvial  fans  in  this  region.  The  presence  of  alder 
thickets  on  the  eastern  half  of  the  fan  was  interpreted  as  proof  of  changes  of  earlier  date. 
First  there  must  have  been  streams  flowing  over  it  in  order  to  build  it;  then,  by  some 
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change  in  the  locus  of  emergence  of  drainage,  the  water  was  withdrawn  from  the  western 
half  of  the  fan  allowing  the  development  of  an  alder  thicket.  The  maturity  of  the  alders, 
indicates  that  the  change  in  conditions  occurred  not  less  than  a  quarter  of  a  century 
earlier.  The  cause  for  this  change  in  drainage  was  inferred  to  be  recession  of  the  glacier^ 
permitting  a  new  point  of  outflow  for  the  main  drainage  of  the  southern  portion  of  the 
Variegated  Glacier,  and  the  natural  inference  was  that  this  change  was  associated  with 
the  passage  of  the  drainage  through  the  granite  gorge  into  the  interior  flat  and  thence 
out  through  the  ice  gorge  upon  the  western  margin  of  the  alluvial  fan. 

The  accuracy  of  this  interpretation  was  verified  in  1906,  for  then,  by  the  closing  of  the 
granite  gorge,  the  southern  marginal  drainage  was  forced  to  flow  along  the  southern 
margin  of  the  glacier  and  emerge  upon  the  eastern  side  of  the  alluvial  fan.  This  new  locus 
of  emergence  turned  the  distributaries  of  the  glacial  torrent  down  over  the  eastern  half  of 
the  alluvial  fan,  as  it  had  doubtless  done  in  earlier  time,  and  the  alder  thicket  was  being 
inundated  and  destroyed.  In  one  of  our  expeditions  we  were  obliged  to  cross  this  part 
of  the  alluvial  fan,  fording  dozens  of  muddy  torrents,  and  we  witnessed  a  stage  in  the 
destruction  of  the  alder  thicket  from  near  at  hand.  The  bushes  were  being  submerged  in 
ice-cold  water  and  in  the  rapidly  accumulating  deposits  of  coarse  gravel  which  the 
glacial  torrent  was  unable  to  move  further.  Many  of  the  bushes  were  uprooted  and 
were  being  whirled  off  toward  the  sea;  others  were  dying  from  the  long-continued  sub- 
mergence beneath  the  ice  waters;  and  others  were  being  killed  by  the  deep  burial  of  their 
roots  beneath  the  accumulating  gravels.  All  the  bushes  were  in  full  leaf,  proving  that 
the  change  had  occurred  during  the  growing  season  of  1906. 

The  Valley  Portion  in  1909.  On  our  visit  in  the  sunmier  of  1909,  we  found  that  the 
advance  of  the  Variegated  Glacier  had  entirely  ceased,  and  that  here,  too,  ablation  had 
healed  the  surface  so  that  travel  over  it  was  again  possible  (PL  LV).  The  surface  was 
still  very  rough,  and  there  were  many  crevasses,  but  it  seemed  probable  that  one  could 
go  up  the  glacier  as  far  as  we  went  in  1905,  though  with  much  greater  difficulty.^  We  did 
not  attempt  this,  though  we  went  out  to  the  center  of  the  glacier,  where  it  emerges  from 
the  mountains,  and  obtained  a  clear  idea  of  the  condition  both  in  its  upper  and  lower 
portions.  One  photograph,  taken  from  a  point  not  far  away  from  the  place  where  the 
red  moraine  stood  in  1905,  shows  the  difference  in  condition  very  clearly.  In  1905  there 
was  a  smooth,  dirt-stained  glacier  surface,  terminating  abruptly  in  a  wall  of  red  mo- 
raine which  rose  on  the  down-stream  side  (PL  LIII).  All  below  this  was  a  rou^, 
moraine-covered  ice  surface  with  the  concentric  bands  of  moraine  already  described; 
above,  all  was  smooth  ice  with  the  exception  of  an  occasional  crevasse  and  a  few  small 
moraine  ridges.  In  1909,  on  the  other  hand,  the  clear  ice  area  extended  down  much 
farther  (PL  LIV),  the  banded  moraines  were  gone,  and  the  ice  surface  consisted  of  a 
confused  series  of  elevations  and  depressions  with  many  shallow  crevasses.  We  found 
it  necessary  to  select  our  route  with  care  where  in  1905  we  could  go  in  almost  any 
direction  with  equal  ease.  But,  different  as  the  surface  was  from  the  condition  in  1905, 
it  was  even  more  strikingly  different  from  its  condition  in  1906. 

There  are  two  other  notable  contrasts  between  the  1905  and  1909  condition  of  this 
glacier.  In  the  former  year  there  were  marginal  valleys  where  the  glacier  emerged  from 
its  mountain  valley;  but  in  1909  these  were  gone  and  the  ice  was  in  contact  with  the 

>  In  1911  a  Boundary  Survey  party  went  up  Variegated  Glacier  to  its  very  head  and  found  no  difficulty 
whatever  in  traveling  over  the  surface  which  was  impassably  crevassed  in  1906. 
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mountain  wall  without  inten^ening  depression.  Further,  the  ice  was  perceptibly  hi^er 
than  in  1905.  We  could  not  determine  the  exact  amount  of  thickening,  though  it  was 
certainly  not  less  than  100  feet  where  the  glacier  passes  out  from  its  mountain  valley, 
but  the  ice  surface  was  not  so  high  as  it  was  in  1906. 

Banded  Moraines  on  Expanded  Bulb  in  1909,  The  most  noteworthy  change  in  condi- 
tion of  the  Variegated  Glacier  in  1909,  as  compared  with  1905,  was  that  the  fine  colored, 
banded  moraines  that  in  the  former  year  covered  the  ice  between  the  interior  flat  and  the 
mountain  valley  were  now  gone.  We  could  no  longer  trace  the  former  succession. 
The  purple  and  green  moraines  were  entirely  destroyed,  and  the  other  moraines  were 
so  disordered  and  displaced  that  we  could  no  longer  correlate  them  with  the  moraines 
of  1905 ;  but  ablation  was  at  work  covering  the  ice  surface  with  new  moraines  of  different 
kind  and  color  (Fig.  8). 

We  crossed  this  glacier  from  the  north  side  near  the  mouth  of  the  mountain  vaUey 
to  the  interior  flat.  There  was  abundant  evidence  that  the  glacier  had  been  profoundly 
broken,  but  it  was,  nevertheless,  a  matter  of  unceasing  astonishment  that  in  so  short 
an  interval  ablation  had  so  effectually  healed  the  broken  glacier  surface.  Where  the 
moraine  cover  was  not  thick  enough  to  protect  the  ice,  its  surface  was  thrown  into  a 
series  of  great  waves,  50  to  75  feet  high,  with  the  areas  of  greater  crevassing  mainly 
in  the  depressions.  In  addition,  there  were  many  smaller  ice  ridges  and  hummocks, 
all  much  rounded  by  ablation. 

The  area  of  clear  ice  extended  far  down  below  its  former  position,  apparently  a  mile 
or  more,  and  the  pronounced  red  moraine  that  formerly  rose  as  the  lower  border  of  the 
clear  ice  had  apparently  been  carried  bodily  forward  and  incorporated  in  the  ice.  A 
small  area  along  the  northern  margin,  which  was  not  prof oimdly  affected  by  the  advance, 
was  still  stagnant  and  retained  a  series  of  banded  moraines;  but  everywhere  else  inside 
the  interior  flat  the  old  series  of  variegated  moraines,  from  which  the  name  of  the  glacier 
was  derived,  had  been  destroyed.  In  their  place  an  entirely  new  set  of  wholly  different 
character  and  arrangement  had  begun  to  develop.  On  the  southeast  side  a  band  of  white 
granite  moraine  appeared,  but  it  did  not  swing  out  into  the  ice  in  crescentic  form.  Then, 
after  an  intervening  area  of  clear  ice  (PL  LVI),  a  band  of  black  hornblende  moraine 
swept  in  a  great  crescent  far  across  the  ice  bulb,  which  was  here  expanded  beyond  the 
mountain  front.  This  morainic  crescent  was  not  complete, being  most  pronounced  toward 
the  sides  and  dying  out  completely  near  the  center,  where  in  its  place  was  a  red  gneiss 
moraine  much  thinner  and  less  pronounced  than  the  one  of  black  hornblende. 

Both  on  its  inner  and  outer  face  the  black  hornblende  moraine  rose  about  100  feet 
above  the  clear  ice.  This  gives  a  rou^  measure  of  the  extent  of  ablation  on  this  ice 
surface  since  1906,  for  it  is  not  to  be  supposed  that  the  moraine  had  any  notable  initial 
elevation  during  the  crevassing  and  forward  motion  of  the  ice.  Although  it  is  true  that 
the  ice  under  the  ridge  has  also  been  somewhat  lowered,  it  has  been  much  protected  by 
the  debris,  and  in  the  meantime  the  clear  ice  has  been  lowered  over  100  feet.  Therefore, 
since  1906,  the  general  ablation  in  this  section  has  been  in  excess  of  100  feet,  and  this 
fact  gives  a  basis  for  understanding  the  remarkable  effectiveness  of  ablation  in  smoothing 
the  broken  surface.  One  veiy  noteworthy  fact  was  the  shallowness  of  the  crevasses,  for 
in  1909  the  bottoms  of  even  the  deepest  were  visible.  It  was  evidently  only  the  rigid 
upper  ice  that  was  broken,  and  the  breaking,  thou^  extending  down  over  100  feet, 
probably  did  not  much  exceed  200  feet. 
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Outside  of  the  black  moraine  was  a  broad  area  of  clear  ice,  which  in  time  may  give  rise 
to  a  small  interior  flat,  though  possibly,  as  ablation  proceeds,  a  sufficient  amount  of  in- 
corporated debris  will  be  concentrated  on  the  surface  to  prevent  this.  Beyond  the 
area  of  clear  ice,  at  the  very  edge  of  the  broken  portion  of  the  glacier,  and  on  its  front, 
which  rises  above  the  interior  flat,  was  a  veneer  of  reddish  orange  moraine.  This  was 
apparently  a  mass  of  the  old  moraine  cover  pushed  forward  and  mixed-up,  at  least  such 
of  it  as  has  not  been  incorporated  in  the  ice.  All  semblance  of  the  former  banding  of 
moraine  had  disappeared  and  the  only  extensive  morainic  area  in  the  broken  portion  of 
the  glacier  was  this  reddish  orange  moraine  which  covered  the  front  of  the  inner  bulb 
and  a  narrow  strip  back  of  it, — ^a  total  width  of  }  to  ^  mile  of  moraine-veneered  ice,  where 
in  1905  there  were  two  miles  or  more  of  banded  moraine. 

Excepting  at  the  front  of  the  bulb,  near  the  interior  flat,  the  morainic  veneer  was  very 
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thin  and  unstable.  Ablation  was  still  rapidly  in  progress,  even  in  the  morainic  area,  but 
the  debris  cover  was  becoming  thick  enough  and,  over  large  areas,  general  enough  so 
that  the  future  rate  of  ablation  will  be  materially  checked. 

Aside  from  the  sudden  advance,  sudden  cessation  of  the  advance,  and  subsequent  rapid 
ablation,  one  of  the  most  notable  features  is  the  development  of  the  black  moraine 
(Fig.  8),  apparently  the  result  in  part  of  the  re-establishment  of  contact  with  the 
black  hornblende  portals  to  the  mountain  valley,  in  part  to  the  outward  movement  of 
the  black  hornblende  lateral  moraine  that  before  1906  had  developed  in  the  marginal 
gully  at  the  mouth  of  the  mountain  valley.  In  earlier  days,  when  the  glacier  was  in 
contact  with  these  walls,  its  currents  carried  the  debris  out  far  enough  to  give  rise  to  the 
great  crescent  that  forms  the  outer  wall  of  the  interior  flat  next  Hubbard  Glacier;  but 
by  the  spasmodic  rush  of  1906,  which  again  established  contact  with  the  black  horn- 
blende slopes,  the  forward  advance  was  so  soon  ended  that  the  black  moraine  could  not 
be  carried  out  nearly  so  far.  It  lies  a  mile  or  more  from  the  crescent  on  the  outer  margin 
of  the  flat.    Had  the  ice  advance  continued,  and  the  glacier  spread  out  in  a  broader  bulb. 
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and  overridden  the  interior  flat,  the  new  black  hornblende  moraine  might  have  been 
pushed  out  as  far  as  the  old  one.  One  may  infer,  that  the  old  black  hornblende  moraine 
was  not  the  result  of  a  spasmodic  advance  similar  to  that  of  1906,  but  either  of  a  much 
greater  advance  of  this  character,  or  else  of  a  continuous  advance  maintained  for  a  con- 
siderable period  of  time. 

While  the  most  striking  feature  of  the  Variegated  Glacier  in  1909,  as  compared  with 
its  condition  in  1905,  was  the  utter  change  in  the  moraines,  there  are  other  notable  differ- 
ences. One  of  these  was  the  absence  of  well-defined  ice  drainage  and  of  large  moulins; 
but  these  were  developing.  Another  noteworthy  point  is  the  evidence  of  lowering  of 
th'e  glacier  surface  since  the  advance  of  i9W.  This  Iilas  already  been  discussed  in  our 
consideration  of  the  effect  of  ablation  in  smoothing  the  broken  glacier  surface.  It  is  also 
clearly  evident  by  a  comparison  of  the  earlier  photographs  with  the  1909  condition* 
For  instance,  we  reoccupied  the  sites  of  1906  photographs  on  the  south  side  of  the  glacier^ 
and  from  there  the  lowering  of  the  surface  and  change  from  a  jagged  surface  to  a  rolling 
one  was  remarkable.  Indeed,  we  estimate  that  it  has  amounted  to  at  least  200  feet» 
and  probably  as  much  as  SOO  feet  in  the  part  of  the  glacier  lying  beyond  the  mountain 
valley,  though  less  within  this  valley;  but  whether  all  this  lowering  is  due  to  ablation  is 
not  certain.  It  is  probable  that  there  had  been  some  settling  due  to  further  flowage  of 
the  glacier  after  the  thickening  which  the  spasmodic  advance  caused. 

As  compared  with  the  Atrevida  and  Haenke  Glaciers,  while  the  main  changes  since 
1906  have  been  the  same,  Variegated  Glacier  introduces  one  point  of  notable  difference* 
The  two  other  glaciers  have  reverted  to  their  former  completely  moraine-veneered  con* 
dition,  the  only  exception  being  in  the  area  of  clear  ice  introduced  in  the  Atrevida  just 
outside  the  mountain  front.  But  Variegated  Glacier  has  not  returned  to  its  former  con* 
dition,  and  the  area  of  clear  ice  beyond  the  mountain  front  is  greatly  increased.  A  partial 
answer  to  the  question  as  to  the  reason  for  this  difference  is  undoubtedly  that  originally 
there  was  less  thickness  of  ablation  moraine  on  the  Variegated  bulb,  this  being  possibly 
due  to  the  greater  stability  of  the  crystalline  rocks  of  its  mountain  vaUey  as  compared 
with  the  fissile  and  crumbling  sedimentaiy  rocks  which  enclose  the  valleys  of  the  other 
two  glaciers.  But  this  answer  is  only  partial,  for  the  Variegated  bulb  was  almost  uni- 
formly moraine-covered  in  1905  and  now  it  is  not.  This  moraine  has  gonesomeiw^e  re. 
It  is  not  swallowed  up  in  the  crevasses,  for  the  bottoms  of  most  of  them  are  visible; 
and  the  only  conclusion  that  one  can  reach  is  that  it  has  been  carried  forward.  This, 
however,  raises  a  new  difficulty.  Had  the  red  moraine  been  bodily  moved  forward  a 
mile,  carried  on  the  glacier  surface  while  clear  ice  from  above  followed  down  behind  it, 
the  front  should  have  moved  forward  approximately  that  amount;  but  it  did  not.  To 
account  for  the  increase  in  the  area  of  clear  ice,  and  the  forward  movement  of  the  moraine 
cover  without  a  pronounced  advance  of  the  glacier  front,  seems  to  us  impossible  of  ex- 
planation on  any  other  hypothesis  than  that  clear  ice  from  below  has  risen  up  here,  and 
displaced  and  pushed  the  old  moraine  cover  forward  and  to  the  sides,  and  that  the  trans- 
fer of  ice  and  moraine  has  been  accomplished  by  thickening  of  the  bulb  rather  than  by  a 
pronounced  forward  movement  of  the  front.  With  reference  to  the  valley  part  of  the 
glacier  this  clear  ice  area  had  the  same  relative  position  as  that  of  the  Atrevida.  It  is 
possible  that  in  these  two  cases  we  have  an  illustration  of  the  same  phenomenon  and  an 
explanation  of  the  development  of  clear  ice  areas  that  afterward  form  interior  flats. 

The  Interior  Flat  in  1909.    In  1909  we  reoccupied  essentially  the  same  sites  as  those 
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•of  our  1905  and  1906  pictures,  looking  across  the  interior  flat  to  the  Validated  ice  bulb. 
As  compared  with  1905,  the  front  of  the  glacier  where  it  rises  above  the  interior  flat  was 
much  hi^er,  steeper,  and  more  irregular;  but  as  compared  with  1906  it  was  both  lower 
and  much  smoother.  The  serrated  crest  and  steep  glacier  front,  greatly  broken  by 
•crevasses  in  which  clear  ice  appeared  in  1906,  had  by  1909  slumped  into  an  undulating 
moraine-covered  slope  (PL  LII)  up  which  we  could  easily  cUmb.  We  cannot  tell  exactly 
liow  much  change  had  taken  place,  for  it  was  impossible  to  occupy  exactly  the  same 
photographic  sites  as  in  previous  years,  owing  to  slumping  of  the  moraine  from  which 
our  earlier  pictures  were  taken;  but  there  had  certainly  been  a  change  amounting  to 
.scores  of  feet.  Throughout  this  ice  face  it  is  evident  that  the  morainic  veneer  is  thin, 
•excepting  near  the  ice  base  to  which  much  debris  has  fallen. 

The  most  noteworthy  fact  with  regard  to  the  ice  condition  here  is  the  evidence  that 
when  we  observed  the  Validated  Glacier  in  August,  1906,  it  had  advanced  approxi- 
mately to  its  maximum.  Not  only  did  the  advance  not  affect  the  black  hornblende  mo- 
raine on  the  outer  side  of  the  interior  flat,  but  it  produced  no  further  effect  on  the  interior 
flat.  Thus  in  an  interval  of  less  than  a  year  an  utter  transformation  of  Variegated  Glacier 
<xx:urred,  breaking  its  surface,  thickening  it,  and  causing  some  advance,  but  not  affect- 
ing the  outer  stagnant  portion.  Since  1906  there  had  been  no  notable  recession  of  the 
broken  front,  for  willows  grew  right  up  to  the  base  of  the  moraine;  but  recession  would 
hardly  be  expected  here,  where  moraine  was  still  sliding  down  the  steep  front  and  form- 
ing a  protecting  talus  at  its  base. 

The  granite  gorge  visible  in  1905  was  still  covered  by  the  glacier, butmore water  emeiged 
from  this  portion  than  in  1906,  though  not  nearly  so  much  as  in  1905.  Evidently  the 
subglacial  drainage  was  again  developing,  and  we  may  with  safety  predict  a  reoccupation 
'  of  this  area  by  a  large  glacial  stream.  There  was  no  noteworthy  difference  in  other  purts 
of  the  interior  flat  and  the  description  of  its  condition  in  1905  and  1906  still  applied  to  it. 
There  was  a  fair-sized  stream  from  the  north  side,  apparently  of  about  the  same  size  as 
in  previous  years,  but  more  water  than  in  1906  crossed  the  flat  from  the  ice  front  and  es- 
-  caped  through  the  gorge  in  the  outer  glacier  to  the  sea. 

The  Outer  Alluvial  Fan  in  1909.  In  1909  we  again  visited  the  huge  alluvial  fan  of  the 
•  Orange  and  Variegated  Glaciers,  whose  alder  cover  in  1906  was  being  destroyed  by  the 
floods  of  icy  water  and  gravel  that  swept  down  the  eastern  half  of  the  aUuvial  fan.  The 
glacial  torrent  still  emerged  from  the  southern  margin  of  the  Variegated  Glacier,  appar- 
ently in  nearly  as  great  a  volume  as  in  1906,  but  its  course  was  now  shifted  to  the  central 
and  western  sides  of  the  alluvial  fan.  Before  its  course  was  shifted,  however,  it  had  accom- 
plished great  destruction  in  the  alder-covered  zone.  There  was  some  alder  left,  notably 
a  band  on  the  eastern  margin  of  the  fan  and  a  V-shaped  wedge  out  toward  the  middle; 
but  fully  half  the  alder  cover  had  been  destroyed,  and  the  alluvial  fan  surface  was  littered 
with  uprooted  alder  bushes  which  had  been  washed  down-stream  and  become  stranded, 
some  of  them  again  taking  root  in  the  gravels  in  which  they  were  embedded.  Some  of 
the  alder  still  standing  in  place  was  partly  buried  by  a  deposit  of  a  foot  or  more  of  coarse 
gravel,  and  some  had  been  killed  by  deposit  without  being  uprooted.  Since  we  saw 
the  alder  still  growing  in  the  midst  of  the  muddy  distributaries  in  August,  1906,  the 
season  when  the  destruction  began,  and  since  much  alder  had  been  removed  before  1909, 
we  assume  that  the  destruction  continued  throughout  the  season  of  1907  and  possibly 
into  1908;  but  in  1909,  for  a  time  at  least,  the  destruction  of  the  alder  here  had  ceased. 
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The  great  volume  of  water  involved  in  this  work  of  destruction  is  clearly  shown  now  by 
the  network  of  small  and  large  channel  scars  which  extend  across  the  formerly  alder- 
covered  part  of  the  fan  as  well  as  by  the  score  or  two  of  streams  which  had  to  be  forded 
in  crossing  the  alluvial  fan  in  1906. 

Banded  Moraines  Outside  the  Interior  Flat  in  1909.  In  general  features  the  outer  banded 
moraines  of  the  Variegated  Glacier  bulb  beyond  the  interior  flat  were  in  the  same  condi- 
tion as  in  1905.  It  is  certain  that  the  thrust  from  the  advance  of  the  Variegated  Glacier 
did  not  affect  this  stagnant  portion  of  its  bulb  in  the  least.  In  our  excursions  over  it 
several  observations  in  addition  to  those  of  previous  years  were  made.  Periiaps  the 
most  important  of  these  was  the  clear  indication  of  the  presence  of  ice  under  even  the 
outermost  portion  of  the  western  edge,  nearest  Hubbard  Glacier,  and  only  a  few  hundred 
feet  from  the  sea.  While  ice  was  not  actually  seen  here,  there  was  a  small  pond  of  cold 
water  milky  with  sediment,  such  as  could  only  come  from  ice,  and  on  its  shores  were 
areas  of  fresh  slumping  clearly  indicative  of  the  presence  of  ice  beneath. 

Farther  back  from  the  fiord  there  was  increasing  evidence  of  the  presence  of  ice^both  in 
the  amount  of  slumping  and  in  the  condition  of  the  vegetation.  Over  most  of  the  black 
hornblende  moraine  there  were  abundant  small  areas  with  no  vegetation  whatsoever. 
Then  came  little  clusters  of  flowering  plants,  or  equisetae,  or  grass,  or  willows  from  one 
to  five  years  old;  and  now  and  then  a  large  willow  bush  or  even  a  cluster  of  them. 

Marginal  Drainage.  The  drainage  condition  is  noteworthy.  The  northern  mar- 
ginal drainage  followed  the  ice  edge  for  a  while,  then  cut  across  a  part  of  the  glacier 
in  a  narrow  ice  valley,  then  expanded  over  a  broad  interior  flat,  which  rested  on  glacier 
ice  and  was  completely  bordered  by  ice  except  in  the  two  gorges,  one  at  the  point  where 
the  drainage  entered  it,  the  other  at  the  point  where  it  left  the  interior  flat.  On  this  flat 
the  stream  was  depositing  much  of  its  sediment;  it  then  emerged  from  the  interior  flat 
through  a  gorge  cut  across  the  outer  bulb  of  the  glacier,  and  finally  entered  the  aea  over 
the  large,  partly  alder-covered  alluvial  fan.  In  1905  a  still  larger  stream  and  perhaps 
practically  the  whole  drainage  of  the  Variegated  Glacier  and  of  Orange  Glacier  entered 
this  flat  and  joined  the  north  stream  just  above  the  outlet  gorge.  It  is  a  most  exc^>- 
tional  drainage  condition,  and  the  deposits  left  here  when  the  ice  melts  out  from  beneath 
them  will  be  complex  and  peculiar.  There  were  no  visible  changes  in  drainage  or  moraine 
distribution  by  June,  1910,  though  time  was  not  available  for  a  re-examination  that  year. 

Orange  Glagieb 

General  Description.  Inunediately  east  of  Variegated  Glacier  is  a  broad  valley  occupied 
by  a  glacier  somewhat  more  than  a  mile  in  width,  which  terminates  close  by  the  southern 
margin  of  Variegated  Glacier  in  a  low,  gently-sloping  ice  front  'vdiich  on  the  northern  side 
barely  coalesces  with  the  Variegated  Glacier.  From  this  front  the  Orange  Glacier  rises 
with  moderate  slope,  varying  from  5  to  15  degrees,  though  rarely  attaining  so  steep  a  slope 
as  the  latter,  finally  reaching  a  broad,  flat  divide  at  an  elevation  of  about  2500  feet.  The 
divide  area  is  above  the  snow  line  and  from  it  the  ice  descends  not  only  westward  to  form 
the  Orange  Glacier,  but  eastward  towards  Nunatak  Fiord  to  form  an  unnamed  glacier, 
to  which  reference  will  be  made  in  the  next  section.  The  valley  that  this  glacier  occupies 
is  therefore  a  throu^  valley,  and  the  glacier  is  a  typical,  though  small  example,  of  a 
throu^  glacier. 

The  Orange  Glacier  surface  is  smooth  and  relatively  free  from  crevassing»  the  few 
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crevasses  nowhere  interfering  with  free  travel  over  the  ice  surface.  From  this  it  is  in- 
ferred that  the  glacier  is  moving  very  slowly.  Much  of  the  surface  is  darkened  by  fine 
morainic  d£bris,  but,  excepting  at  the  margin  and  in  the  narrow  bands  in  the  middle,  there 
is  no  continuous  morainic  cover.  In  fact,  when  viewed  from  a  distance,  the  glacier  has 
the  appearance  of  being  entirely  free  from  moraine,  with  the  exception  of  medial  and 
lateral  moraines.  No  large  tributaries  to  this  glacier  are  visible,  and  it  is  certain  that 
none  but  small  tributaries  enter  from  the  south,  for  on  this  side  there  is  only  a  narrow 
range  of  mountains  with  peaks  that  rise  but  six  or  seven  thousand  feet.  There  is  a 
possibility  that  several  tributaries  of  medium  size  enter  from  the  north,  and  one  tributary 
is  shown  in  a  Boundary  Survey  photograph  of  1906.  There  can  hardly  be  any  large 
tributaries  from  this  side,  because  the  Variegated  and  Butler  Glaciers  head  back  in 
the  mountains  to  the  north,  and  so  near  as  to  cut  off  any  possibility  of  long  feeders  to  the 
Orange  Glacier.  The  slight  motion  in  the  Orange  Glacier  is  further  indication  of  the 
absence  of  large  tributaries.  It  was,  therefore,  suggested  in  the  report  of  the  1905  and 
1906  ex]>editions  that  this  was  in  reality  a  wasting  throu^  glacier,  a  remnant  of  a  former 
greater  through  glacier  which  crossed  this  divide  from  Nunatak  Fiord  to  Russell  Fiord 
in  the  neighborhood  of  Hubbard  Glacier.  In  our  expedition  of  1909  we  saw  no  reason 
for  questioning  this  hypothesis,  nor  did  we  discover  any  additional  facts  bearing  upon  it. 

Contract  with  Variegated  Glacier.  Orange  Glacier  is  of  special  interest  from  two  differ- 
ent standpoints,  both  of  which  may  be  made  clear  by  contrast  with  the  conditions  in 
Variegated  Glacier.  The  first  of  these  contrasts  is  the  difference  in  the  general  charac- 
teristics of  the  two  glaciers.  The  Variegated  Glacier  winds  down  throu^  a  deep  moun- 
tain valley,  then,  emerging  from  its  valley,  spreads  out  at  the  mountain  base  in  a  broad, 
expanded  piedmont  bulb.  Orange  Glacier,  so  far  as  we  have  seen  it,  is  a  broad,  slowly- 
moving,  through  glacier  spreading  down  in  both  directions  from  the  divide  area.  This 
through  glacier  terminates  on  each  end  without  any  notable  expansion  and  without  any 
considerable  area  of  ablation  moraine.  There  also  seems  to  be  a  distinct  difference 
in  the  source  of  the  ice  of  the  two  glaciers.  That  giving  rise  to  the  Variegated  Glacier 
is  derived  from  snow  slides  and  numerous,  short,  tributary  glaciers  from  the  steeply- 
enclosed  mountains.  The  ice  supply  for  Orange  Glacier  is  also  partly  derived  from  the 
sliding  of  snow  and  the  descending  of  short  tributaries  from  the  enclosing  mountains, 
but  a  considerable  portion  of  the  supply,  and  perhaps  the  major  part  of  it,  is  the  snow 
that  accumulates  on  the  broad,  flat  divide  from  which  the  ice  descends  eastward  and 
westward. 

The  second  noteworthy  difference  between  the  Orange  and  Variegated  Glacieis  is  in 
their  behavior  during  the  period  of  observation.  Variegated  Glacier,  was  subjected  to  a 
spasmodic  advance  by  which  its  surface  was  broken  from  as  far  up  the  mountain  valley 
as  we  could  see,  far  down  into  the  stagnant  piedmont  bulb,  but  before  1909  it  had 
ceased  to  advance.  Orange  Glacier,  on  the  other  hand,  was  in  the  same  condition  in  1906, 
as  it  was  in  1905,  and  in  1909,  1910  and  1918  its  condition  had  not  changed.  If  this 
glacier  is  a  wasting  through  glacier  remnant  there  would  be  no  reason  to  expect  an  ad- 
vance in  response  to  the  earthquake  shaking  of  1899.  If  its  ice  supply  comes  mainly 
from  the  downsliding  of  snow  and  from  short  mountain  tributaries,  we  should  have  ex- 
pected some  advance  before  1910.  The  fact  that  there  has  been  no  such  advance  sup- 
ports the  interpretation  of  the  origin  of  this  glacier  cited  above.  The  only  alternate 
hypothesis  to  account  for  the  failure  of  this  glacier  to  respond  to  the  influence  of  earth- 
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quake  shaking  is  that  it  is  supplied  by  a  long  ^huaer  from  the  north,  idiich,  flowing  out 
upon  the  broad  divide  area,  distributes  its  ice  both  to  the  east  and  to  the  west,  and 
whose  length  is  so  great  that  the  response  to  the  earthquake  shaking  has  not  yet  reached 
the  two  distributing  arms.    This  does  not  seem  probable  to  us. 

BUTLEB  GlACIEB 

General  Description.  Back  of  the  low  mountain  range  on  the  north  side  of  Nunatak 
Fiord  lies  the  east  end  of  the  Orange  throu^  glacier.  This  was  not  visited  in  1905  or  1906 
and  the  exact  conditions  were  misinterpreted.  It  was  then  thought  that  the  eastern 
end  of  the  Orange  through  glacier  expanded  beyond  the  mountain  front  in  a  broad, 
moraine-covered  piedmont  ice  bulb.    In  1909  we  discovered  that  this  eastern  end  of  the 

glacier  actually  terminates  well 
within  the  mountain  valley  in  a 
steeply-rising,  moraine-covered  ice 
front.  This  fact  is  further  indica- 
tion that  the  Orange  through  ^^ 
cier  is  weak  and  is  supplied  from 
no  veiy  extensive  sources.  Other- 
wise it  would  necessarily  extend  at 
least  to  the  end  of  its  mountain 
valley.  The  eastern  terminus  of 
this  ^huaer  is  evidently  essentially 
stagnant,  and  its  position  b  not 
materially  different  from  what  it 
was  in  1905. 

The  moraineHX>vered  piedmont 
ice  bulb  that  was  interpreted  in 
1905  and  1906  as  an  extension  <^ 
the  eastern  end  of  the  Orange 
through  glacier  was  in  1909  found 
to  be  the  piedmont  bulb  of  Butler 
Glacier  (^.  9)»  which  descends 
from  the  mountains  to  the  north. 
The  Butler  Glacier  has  not  been  studied  within  its  mountain  valley,  and  its  conditions 
are,  therefore,  not  known^  but  that  it  has  considerable  length,  and  a  fairiy-extensive  sup- 
ply, is  indicated  by  the  fact  that  it  has  been  able  to  push  itsdf  out  beyond  the  mountain 
front,  whereas  the  much  larger  Orange  Glacier  has  not  been  able  to  do  so.  In  the  view 
up  the  valley  which  we  obtained  we  saw  one  good-sized  hanging  tributaiy  and  we  also 
saw  clear  ice  within  the  mountain  valley. 

The  Butler  Glacier  Bulb.  The  part  of  Butler  Glacier  beyond  the  mountain  front 
possesses  features  of  distinct  interest.  It  spreads  out  in  a  stagnant  bulb  compIeCdy 
across  the  Orange  Glacier  through  valley,  and  is  separated  from  the  Orange  Glacier  by  a 
well-defined  depression,  though  it  is  ix)ssible  that  in  this  depression,  which  we  did  not 
visit,  the  two  glaciers  coalesce.  From  this  expanded  bulb  a  good-siaed  glacial  stream 
emerges  and  flows  through  a  broad,  deep  gorge  (PL  LVII,  B)  cut  in  well-assorted,  strati- 
fied gravels  which  rise  almost  vertically  to  a  height  of  fully  100  feet.    Beyond  this  gorge 
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the  stream  divides  into  many  branches  over  an  alluvial  fan  which  it  is  building  out  into 
the  fiord.  There  is  a  large  area  of  gravels  to  the  southeast  of  the  expanded  ice  and 
gorges  cut  in  them  show  clearly  that  they  form  a  thick  deposit.  One  gorge,  in  particular, 
now  no  longer  occupied  by  the  stream,  has  in  front  of  it  a  weU-defined  alluvial  fan.  This 
abandoned  gorge  and  fan  prove  clearly  that  there  have  been  important  changes  in  the 
drainage  along  the  front  of  the  ice  bulb  of  Butler  Glacier.  Even  more  noteworthy  in 
this  connection  is  the  fact  that  the  upper  surface  of  the  gravels  is  fluted,byglacial  erosion, 
has  a  thin  moraine  veneer,  and  is  crossed  by  stream  channels.  At  two  points  there  are 
well-defined  stream-bed  deposits  in  anastomasing  channels,  showing  that  at  a  previous 
stage  glacial  drainage  cut  across  these  gravels  at  an  elevation  of  100  feet  above  the 
present  stream.  This  stage  of  drainage  was  probably  at  the  time  when  the  glacier  ex- 
tended further  out  to  the  heads  of  these  channels  which  are  now  cut  off  by  the  develop- 
ment of  the  gorge  cut  in  the  gravels. 

Between  this  part  of  the  gravel  terrace  and  the  sea  is  a  range  of  low,  hunmiocky  hills 
rising  to  an  elevation  of  from  100  to  175  feet,  which  is  undoubtedly  a  stagnant  moraine- 
covered  ice  block  (PL  LI,  B),  entirely  disconnected  from  the  Orange  Glacier,  so  far  as  we 
could  see.  In  a  part  of  this  moraine  nearest  the  glacier,  and  on  the  margin  of  the  gorge 
cut  by  present-day  drainage,  buried  ice  was  revealed  in  the  cliff  face.  The  section  here 
from  base  to  top  is  as  foUows:  Just  above  the  alluvial  fan,  stratified  gravels  rise  to  a 
height  of  25  feet;  above  this  are  50  feet  of  ice;  and,  on  the  top,  till  moraine  8  feet  deep. 
The  moraine-covered  ice  area  extends  down  to  within  an  eighth  of  a  mile  of  the  sea;  but 
it  grows  lower  toward  the  sea  and  encloses  in  a  semi-circle  an  area  where  there  is  no 
ice.  Throughout  the  surface  of  this  moraine  (a,  Fig.  9)  there  is  slumping  of  the  soil, 
cracking  of  the  ground,  an  abundant  outflow  of  cold  water,  all  clear  indications  of  the 
presence  of  buried  ice;  and  at  one  point,  a  few  hundred  feet  south  of  the  ice  cliff  already 
mentioned,  ice  was  discovered  by  digging  to  a  depth  of  about  2  feet  at  the  base  of  the 
slimiped  surface.  Even  the  outer  face  of  the  moraine  has  little  vegetation  and  a  tumbled 
appearance,  indicative  of  recent  sliding  of  the  moraine  throu^  undermining.  Over  a 
large  part  of  the  surface  of  the  moraine  there  is  a  moss  growth;  and  willow  bushes,  5 
to  10  years  old,  are  scattered  over  the  entire  area;  but  many  are  overturned  by  the 
sliding  of  the  soil. 

The  interpretation  of  these  conditions  is  not  difficult.  At  some  earlier  stage  a  series 
of  gravels  were  deposited  here,  which  continue  nearly  up  to  Nunatak  Glacier,  everywhere 
showing  evidence  of  overriding  by  the  glacier,  which,  though  it  failed  to  remove  them, 
fluted  the  surface  into  terrace  form  and  left  upon  it  a  morainic  veneer.  These  gravels, 
apparently  contemporaneous  with  others  in  Russell  Fiord,  antedate  the  last  great  advance 
of  the  glaciers  of  the  Yakutat  Bay  region  when  Nunatak  Glacier  extended  through 
Nunatak  Fiord  and  even  far  up  Russell  Fiord.  When  the  Nunatak  Glacier  receded 
past  the  mouth  of  the  Butler  Glacier  valley,  Butler  Glacier  expanded  in  a  broad  piedmont 
ice  bulb  over  the  entire  area  between  the  mountain  base  and  the  fiord.  This  bulb  became 
covered  with  ablation  moraine  over  a  large  part  of  its  surface,  but  a  clear  ice  area  existed 
between  the  present  piedmont  area  and  the  stagnant  moraine-covered  area  just  described. 
This  clear  ice  area  has  completely  melted,  and  by  reason  of  this  fact,  together  with  erosion 
by  the  glacial  stream,  the  outer  moraine-covered  ice  area  is  now  completely  separated 
from  the  glacier  which  gave  it  birth.     We  have  here  apparently  the  last  stages  in  the 
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destruction  of  an  interior  flat  area,  similar  to,  though  smaller  than,  that  existing  in  the 
Variegated  Glacier  bulb. 

In  1905  the  Butler  Glacier  presented  no  evidence  of  recent  advance  that  we  recognized, 
though  it  is  possible  that  it  may  have  undergone  a  transformation  similar  to  that  of  the 
Galiano  Glacier.  Such  a  change,  followed  by  healing  through  ablation  similar  to  that 
on  the  Galiano  Glacier  would  not  have  been  recognized  by  us  in  the  absence  of  previous 
observations  or  photographs  for  comparison.  There  certainly  has  been  no  notable  ad- 
vance and  breaking  of  this  glacier  between  1905  and  1910,  for  any  distinctive  change 
would  have  been  recognizable  in  our  photographs.  We  may,  therefore,  assume  that 
unless  this  glacier  passed  throu^  a  cycle  of  advance  due  to  the  1899  earthquakes  prior 
to  1905,  it  has  not  yet  entered  upon  it. 

Observations  in  1910  and  191S.  In  1910  and  1918,  the  junior  author  made  distant 
observations  of  Butler  Glacier  from  near  Nunatak  Glacier.  It  was  observed  that  there 
was  an  area  of  outwash  gravels  in  the  depression  between  the  eastern  end  of  Orange 
Glacier  and  the  piedmont  area  of  Butler  Glacier. 

As  far  as  visible  up  its  mountain  valley  Butler  Glacier  is  clear  of  d£bris.  It  appeared 
crevassed  in  the  valley  portion  in  1910  where  no  particular  crevassing  was  observed  in 
1905  or  1909,  but  there  was  no  increase  in  this  area  of  crevassing  from  1910  to  1918. 


CHAPTER  Vm 

NUNATAK  AND  CASCADING  GLACIERS 

NuNATAK  Glacier 

General  Description.^  As  in  the  case  of  all  the  larger  glaciers  of  this  region  the  name 
was  given  by  Russell.  He  saw  this  glacier  in  September,  1891,  from  Cape  Enchantment, 
opposite  the  mouth  of  Nunatak  Fiord  and  says  *  that  '^near  where  it  enters  the  bay  it  is 
divided  by  a  rounded  butte  of  bare  rock  that  rises  through  it  like  an  island  and  that 
suggested  the  name  'Nunatak  Glacier.'"  A  nunatak  in  Greenland  is  a  mountain  peak 
rising  above  the  glacier,  which  surrounds  it,  and  Russell  speaks  of  this  in  another  publica- 
tion' as  "a  rounded  dome  of  rock  which  rises  through  the  ice  and  forms  a  nunatak/' 
If  the  nunatak  had  this  appearance  in  1891  both  of  the  tongues  of  the  glacier  must  have 
extended  much  farther  than  they  did  in  1905;  but  from  Russell's  distant  point  of  view  he 
might  well  have  thought  the  hill  surrounded,  even  though  the  two  tongues  fell  short  of 
junction  by  a  considerable  amount.  When  mapped  by  the  surveyors  of  the  Canadian 
Boundary  Commission,  in  1895,  the  glacier  terminated  in  two  tongues,  or  distributaries, 
the  northern  and  larger  one  ending  in  a  sea  clifiF  (Pis.  LIX,  LXVlIl),  the  smaller,  south- 
em  one  on  the  land  in  a  valley  south  of  the  nunatak.  The  glacier  is  still  in  this  con- 
dition (Map  4,  in  pocket),  though  there  has  been  material  recession  in  each  of  the  dis- 
tributaries. 

From  the  top  of  the  nunatak  one  sees  that  at  a  distance  of  three  or  four  miles  from  the 
sea  two  large  tributaries  unite  to  form  the  lower  portion.  The  southern  tributary  heads 
upon  a  broad,  flat,  snow-covered  divide,  beyond  which,  according  to  the  prospectoi8» 
the  ice  descends  eastward  toward  the  Alsek  valley  (PL  LVHI).  There  is  certainly  an 
open  valley  without  lofty  mountains,  in  this  direction.  It  is,  therefore,  a  through  glacier, 
and  in  1898  it  was  traversed  by  prospectors  as  a  highway  to  the  Alsek.  The  Boundary 
Survey  map  indicates  also  a  branch  through  a  valley  leading  southward  to  the  Hidden 
Glacier,  but  this  is  hidden  from  sight  from  the  places  where  we  obtained  views  of  the 
glacier.  We  cannot  tell  whether  the  southern  tributaiy  of  the  Nunatak  Glacier  receives 
any  notable  tributaries,  but  the  absence  of  medial  moraine  upon  its  surface  indicates 
that  there  are  no  such  tributaries.  There  is  a  well-defined  lateral  moraine  on  the  south 
side,  and  another  on  the  north  side.  The  latter  joins  the  south  lateral  moraine  of  the 
north  arm  and  forms  a  prominent  medial  moraine  on  the  lower  glacier  below  the  junction 
of  the  two  tributaries.  That  the  southern  arm  receives  no  notable  contributions  from 
tributaries  is  also  indicated  by  its  weakness,  for  the  northern  arm  pushes  over  into  its 
territory;  it  is  failing  to  continue  to  supply  the  land  tongue  of  the  glacier  with  ice,  and 

t  See  TaiT,  R.  S.  and  Martin,  Lawrence,  Glaciers  and  Gladation  of  Yakutat  Bay,  Alaska,  Bull.  Amer.  Geog. 
Soc.,  Vol.  XXXVm,  1906,  pp.  149-150;  Tarr,  R.  S.,  The  Yakutat  Bay  Region,  Alaska,  ProfessionAl  Paper 
64,  U.  S.  Geol.  Survey,  1909,  pp.  54-58. 

■  18th  Ann.  Rept.,  U.  S.  Geol.  Survey,  pt.  II,  1892,  p.  86. 

>  Glaciers  of  North  America,  Boston,  1897,  p.  95. 
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its  surface  is  not  greatly  crevassed.    The  most  erevassed  part  is  in  a  marginal  area  just 
east  of  the  nunatak  where  the  conditions  that  cause  crevassing  will  be  explained  later. 

The  northern  arm,  on  the  other  hand,  is  very  vigorous  and  is  made  by  the  union  of  at 
least  three  good-sized  tributaries,  and  probably  more.  Two  of  these  are  visible  from  the 
crest  of  the  nunatak,  and  a  third  is  seen  from  the  mountain  side  southwest  of  it.  They 
are  also  indicated  by  the  two  prominent  medial  moraines  which  sweep  down  the  central 
portion  of  this  glacier,  and  the  probability  of  other  tributaries  is  inferred  from  the  fact 
that  far  up  the  vaUey  there  are  five  medial  moraine  ribbons.  Of  the  three  large  visible 
tributaries  which  combine  to  make  this  arm  the  southernmost  is  apparently  a  throu^^ 
glacier,  like  the  south  arm,  leading  over  to  the  Alsek  valley,  across  a  broad,  flat,  snow- 
covered  divide  from  which  the  ice  flows  in  both  directions.  The  central  tributary  of 
the  north  arm  comes  down  as  a  winding  valley  glacier  of  large  size  from  among  a  distant 
group  of  high  mountains  that  lie  to  the  northeast.  From  the  sea  to  the  head  of  this 
valley  cannot  be  less  than  15  or  20  miles.  The  northern  tributary,  which  is  apparently 
much  the  largest  and  most  active  of  the  three,  comes  from  the  northwest,  and  all  but 
the  very  lower  portion  is  hidden  from  view  behind  the  mountain  wall  of  the  north  side 
of  the  Nunatak  valley.  There  are  some  very  lofty  mountains  here,  and  doubtless  nu- 
merous tributaries  descend  from  them.  This  arm  of  the  Nunatak  Glacier  reaches  back 
to  the  sources  of  the  Hubbard  Glacier  as  a  through  glacier. 

Thus,  while  we  do  not  khow  even  the  general  features  of  the  upper  part  of  the  Nunatak 
Glacier,  we  do  know  that  it  is  a  long  glacier  fed  by  several  large  contributing  glaciers^ 
and  that  it  must  rank  as  one  of  the  largest  glaciers  of  the  region.  That  the  glacier  is 
actively  moving  is  inferred  from  its  profoundly-crevassed  condition  from  its  sea  face 
(PI.  LIX)  as  far  up  the  northern  arm  and  its  tributaries  as  we  can  see.  It  is,  however, 
much  smaller  and  less  active  than  the  Hubbard  Glacier.  The  surface  slope  is  moderate 
and  the  snow  line  fully  ten  miles  from  the  sea,  so  that  a  very  large  area  is  exposed  to 
ablation,  but  not  enough  to  cover  the  lower  end  of  the  sea  tongue  with  moraine.  The 
snow  line  seems  to  lie  higher  on  this  glacier  than  on  the  Hubbard,  probably  because  of 
the  sweep  which  the  ocean  winds  have  across  the  two  broad  gaps  leading  toward  the 
Alsek  valley. 

There  is  a  pronounced  lateral  moraine  on  the  north  side  of  the  northern  arm,  and 
another  on  the  south  side  just  above  the  junction  of  the  north  and  south  arms,  which 
contributes  to  the  medial  moraine  already  mentioned.  There  are  also  two  winding 
medial  moraines  which  are  pushed  first  to  the  east  by  the  incoming  of  the  northwestern 
tributary,  then  to  the  west  by  the  incoming  of  the  eastern  tributary;  then,  after  flowing 
medially  down  nearly  to  the  junction  of  the  two  arms,  these  moraines  are  again  turned  at 
right  angles  toward  the  west  and  thence  they  extend  to  the  sea  (PL  LX,  A)  near  and 
parallel  to  the  medial  moraine  formed  by  the  junction  of  the  north  and  south  arms.  The 
two  medial  moraines  of  the  north  arm  are  gray  in  color,  while  that  made  by  the  union  of 
the  two  arms  is  black,  suggesting  that  the  mountain  at  whose  base  it  is  formed  is  made 
of  black  hornblende  gneiss.  That  the  northern  arm  is  far  the  stronger  of  the  two  is  cer- 
tain from  the  course  pursued  by  the  three  medial  moraines,  which  show  the  ice  currents. 
While  they  are  turning  westward  they  are  also  extending  out  across  the  southern  arm; 
and  the  medial  moraine  made  by  the  union  of  the  two  arms  reaches  a  point  nearly  oppo- 
site the  center  of  this  arm  before  it  is  completely  turned.  It  enters  the  sea  in  the 
southern  quarter  of  the  glacier.     We,  therefore,  infer  that,  at  most,  the  south  arm  of 
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the  Nimatak  Glacier  supplies  ice  only  for  the  land  tongue  and  for  not  more  than  a  quarter 
of  the  sea  tongue. 

Below  the  union  of  the  two  arms  the  united  trunk  glacier  flows  on  for  two  miles  or  so, 
then  splits  on  the  east  end  of  the  nunatak  into  two  distributaries,  the  land  tongue  and  the 
sea  tongue.  The  nunatak  against  which  the  glacier  splits  is  a  double-crested  gneiss  hill 
about  £  miles  long  and  1440  feet  high  at  the  highest  point.  It  is  extended  westward  by 
a  low  spur,  or  tail,  of  weaker  schist  and  slate  with  the  fiord  on  one  side  and  a  shallow  ice- 
eroded  valley  on  the  other.  The  eastern  end  of  the  nunatak,  which  is  somewhat  lower 
than  the  centre  of  the  hill,  gradually  narrows  and  finally  descends  beneath  the  glacier; 
but  a  crevassing  of  the  ice  in  this  direction  may  represent  subglacial  continuation  of  this 
hill  eastward.  Thus  the  nunatak  and  its  ice-covered  extension  protect  the  land  terminus 
from  the  thrust  of  the  powerful  north  arm  of  the  glacier,  and  tend  to  confine  its  supply  to 
the  south  arm. 

The  Land  Tongue^  or  Smaller  Distribtdary.  Gilbert  photographed  this  tongue  from 
two  points,  and  Gannett  mapped  it  as  a  distributary  of  the  Nimatak  Glacier.  But  in 
his  description  of  the  glacier  Gilbert  says  ^  **In  the  hollow  separating  this  knob  (the 
nunatak)  from  the  south  wall  lay  a  mass  of  ice  of  uncertain  relations.  It  was  seen  only 
from  the  west,  and  was  supposed  to  be  a  tongue  or  distributary  arm  of  Nunatak  Glacier. 
The  fact  that  it  lay  several  hundred  feet  higher  than  the  tidal  arm  has  raised  doubts  as 
to  the  correctness  of  the  first  impression,  and  I  now  suspect  that  it  was  only  the  remnant 
of  a  former  arm  of  the  glacier,  stranded  as  a  motionless  and  slowly-wasting  summit  mass. 
On  the  map  of  the  Canadian  Boundary  Commission  (1895)  it  is  represented  as  a  distribu- 
tary of  the  glacier."  Our  observations  and  photographs  prove  clearly  that  it  is  a  dis- 
tributary, branching  from  the  main  glacier  (PL  LXI»  A)  at  a  sufficient  elevation  to  per- 
mit of  its  extension  down  a  valley  higher  than  that  of  the  sea  tongue,  and  its  termination 
at  a  level  above  that  of  the  tidal  end. 

This  distributary  of  Nunatak  Glacier  has  suffered  very  material  change  since  it  was 
described  and  photographed  by  Gilbert  in  1899.  In  1905  the  ice  surface  was  smooth, 
with  a  slope  of  about  5^,  increasing  to  10°  at  the  front,  and  there  was  no  notable  crevassing. 
On  the  nunatak  side  there  was  a  small  but  well-defined  lateral  moraine,  but  on  the  southern 
side  the  lateral  moraine  was  very  broad  and  irregular  and  rose  in  places  75  feet  above  the 
glacier  surface.  It  varied  greatly  in  breadth,  being  broadest  where  large  amounts  of 
debris  had  fallen  from  the  mountain  wall,  and  particularly  just  where  the  distributary 
leaves  the  main  valley.  The  fact  that  this  fallen  debris  was  not  moved  on  to  form  a  more 
regular  band  of  lateral  moraine  testifies  to  the  stagnant  condition  of  this  ice  tongue. 
For  a  considerable  distance  from  the  valley  wall  the  glacier  was  hidden  beneath  this 
moraine,  which,  though  only  a  thin  veneer,  so  irregularly  protected  the  under  ice  that 
it  had  a  hummocky  topography.  Recent  extension  of  the  glacier  front  westward  was 
proved  by  the  presence  of  this  moraine-covered  ice  out  beneath  the  Cascading  Glacier. 
In  1909  ice  stiU  existed  beneath  this  lateral  moraine,  which  projected  beyond  the  glacier 
front.  The  ice  was  protected  from  melting  by  the  moraine  which  covers  it  and  by  the 
ice  block  talus  that  has  fallen  upon  it  from  the  Cascading  Glacier,  which  is  perched  on 
the  mountain  slope  above  it. 

Between  the  lateral  moraines  the  ice  surface  was  smooth  and  uncrevassed  and  evi- 
dently stagnant.    The  ice  was  rapidly  melting,  and  numerous  short  streams  coursed  over 

1  Glaciers  and  Glaciation,  Harriman  Alaska  Expedition,  Vol.  3,  1904,  pp.  61-62. 
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it  and  fell  into  moulins.  The  lower  half  of  this  distributary  was  stained  with  a  thin 
film  of  debris,  increasing  in  amount  toward  the  end.  The  film  formed  a  general  sheet  of 
clay  and  sand  with  some  pebbles  and  bowlders,  but  was  not  thick  enough  to  completely 
hide  the  ice.  The  finer  material  was  being  carried  off  in  the  streams.  Here  and  there 
were  pyramids  of  debris,  with  ice  cores,  varying  in  height  from  an  inch  to  6  or  8  feet, 
evidently  on  the  site  of  earlier  depressions  in  which  the  debris  had  gathered  to  later  be 
etched  into  relief  because  of  the  protection  against  ablation  which  they  gave  to  these  parts 
of  the  wasting  glacier  surface.  There  were  also  numerous  short  ridges  of  similar  character 
marking  the  sites  of  former  crevasses.  The  outer  edge  of  the  glacier  thinned  down  so 
that  we  could  not  determine  its  exact  position.  This  edge  was  not  covered  by  ablation 
moraine,  but  in  places  was  buried  beneath  stratified  deposits  laid  down  by  the  water 
which  escaped  from  the  melting  glacier.  Some  of  these  deposits  were  laid  down  in  a 
temporary  marginal  lake,  some  as  alluvial  fan  deposits;  and  all  were  laid  down  since  1899, 
for  they  occupied  the  site  of  the  glacier  end  as  photographed  by  Gilbert  in  that  year. 

A  good  sized  stream  emerged  from  the  glacier  front  and  flowed  through  the  depression 
in  which  the  stratified  deposits  lay,  then  entered  a  deep  gorge  in  the  friable  slates  and 
schists,  which  turns  at  right  angles  across  the  tail  of  the  nunatak  (fig.  10;  PL  LXIIQ. 
Gilbert's  photographs  prove  that  in  1899  the  glacier  front  extended  into  this  gorge. 
After  emerging  from  the  gorge  the  stream  spreads  out  in  numerous  branches  over 
an  alluvial  fan  which  it  is  building  in  Nunatak  Fiord,  at  the  western  base  of  the 
nunatak.  We  have  been  puzzled  to  explain  this  gorge  for,  from  Russell's  description 
of  the  condition  of  Nunatak  Glacier,  it  seems  certain  that,  even  though  the  two  arms 
of  the  glacier  may  not  have  been  actually  united  in  1891,  the  land  arm  must  surely 
have  covered  at  least  the  upper  part  of  the  gorge  in  order  to  give  him  the  impression 
that  the  hill  was  a  nunatak.  The  gorge  is  certainly  too  broad  and  deep  for  the  work 
of  such  a  glacial  stream  in  the  14  years  between  1891  and  1905.  It  may  of  course 
be  the  product  of  stream  work  before  the  last  advance  of  the  Nunatak  Glacier,  or  it 
may  in  part  have  resulted  from  subglacial  stream  erosion  when  the  land  tongue  ex- 
tended down  beyond  the  western  end  of  the  nunatak. 

As  compared  with  the  condition  in  1899  the  land  arm  of  Nunatak  Glacier  in  1905  was 
notably  different  in  several  respects.  Both  lateral  moraine  areas  had  broadened  consid- 
erably, thus  reducing  the  area  of  clear  ice.  At  the  same  time,  the  extent  of  debris- 
stained  ice  between  the  lateral  moraines  had  increased,  evidently  as  a  result  of  the  lower- 
ing of  the  glacier  surface,  which  was  very  noticeable  by  comparison  with  Gilbert's  photo- 
graphs. The  glacier  surface  of  1905  was  certainly  as  much  as  100  feet  lower  than  it 
was  in  1899,  and  its  front  had  receded  not  less  than  two  or  three  hundred  yards. 

In  1909  we  found  evidence  of  the  continuation  of  the  same  changes  (PL  LXI,  B). 
There  had  not  been  a  very  great  recession  of  the  front,  although  there  had  been  some, 
but  the  glacier  surface  was  very  much  lower  and  the  lateral  moraine  areas  were  still 
broader  and  more  in  relief  than  in  1905.  The  very  outermost  edge  of  the  glacier  was  a 
low,  flat  sheet  of  debris-stained  ice  (PL  LXII,  A).  This  distributary  is  evidently  a 
dying  end,  no  longer  in  motion,  and,  unless  an  advance  begins,  its  rate  of  recession 
and  period  of  ultimate  destruction  will  depend  entirely  on  the  rate  at  which  ablation 
can  remove  the  ice;  and  this  rate,  though  not  known  quantitatively,  is  certainly  very 
rapid.    A  few  decades  should  destroy  this  tongue  if  no  advance  comes  in  the  meantime. 

There  is  evidence  that  it  has  been  steadily  receding  for  a  long  time.    Par  out  beyond 
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the  position  of  its  1899  terminus  the  hill  &nd  valley  surface  consists  of  patches  of  bare, 
grooved,  and  polished  rocks  which  frost  action  has  not  had  time  to  roughen  greatly, 
alternating  witii  gravel  and  moraine  areas  in  which  the  vegetation  is  young.  It  cannot 
have  been  many  decades  since  this  tongue  pushed  out  far  enough  to  have  united  with  the 
tidal  arm  of  Nunatak  Glacier.  It  is  possible,  though  not  probable,  that  it  did  so  in  1891 
and  it  is  unfortunate  that  Russell  did  not  obtain  near  enough  views  of  this  glacier  for 
us  to  know  its  position  with  certainty.  The  Canadian  Boundary  survey  photographs 
show  the  hill  as  a  semi-nimatak  in  1895,  with  the  land  tongue  occupying  the  head  of 
the  gorge.  The  first  photograph  showing  its  position  from  near  at  hand  was  taken  by 
Gilbert  in  1899,  but  we  found  in  1909  and  1910  some 
evidence  for  the  precedmg  year  In  1898  some  SOO 
prospectors  passed  over  the  Nunatak  Glacier  hi^way 
to  the  Alsek  valley,  and  some  returned  by  this  route 
On  their  return  they  abandoned  their  outfits,  presum- 
ably aa  soon  as  they  were  useless  and  at  the  point 
farthest  down  the  glacier  over  which  they  could  draw 
their  sledges  Roughly,  with  an  error  of  only  a  few 
yards,  the  places  where  we  found  these  sledges  and 
other  rehcs  would  represrait  the  position  of  the  ice  front 
in  1898  We  found  a  half  dozen  sledges,  several  rusty 
Yukon  stoves,  some  ice  creepers,  spiked  boots,  etc  (PI 
LXU,  B),  at  a  pomt  a  httle  less  than  a  half  mile  west 
of  the  1909  and  1910  ice  fronts  and  just  south  of  yrheie 
Gilbert's  photographs  show  the  terminus  to  have  been 
in  1899.  Aside  from  the  improbability  that  men  would 
draw  sledges  over  bare  rock  (in  the  fall)  and  up  nill  and 
beyond  the  glacier  terminus,  the  fact  that  the  outfits 
were  not  being  taken  beyond  where  the  ice  ended  in 
1898  is  established  by  the  presence  of  an  impassable 
stream  gorge  between  the  positions  of  the  sledges,  which 
were  in  two  groups,  and  the  present  glacier  terminus. 
It  is,  therefore,  concluded  that  the  ice  ended  in  1898 
about  where  the  sledges  were  found  and  that  the  retreat 
of  the  land  distributary  between  1898  and  1909  has  been 
a  little  less  than  a  half  mile. 

In  each  of  our  five  years  of  observation  here,  1005,  1906,  1909,  1910  and  1913,  we 
carefully  observed  the  land  tongue  of  Nunatak  Glacier  but  without  finding  any  evidence 
of  advance.  Being  a  glacier  distributary  still  connected  with  an  active  glacier,  but  itself 
stagnant,  it  would  be  very  quick  to  show  res[H>nse  to  even  moderate  advance.  The  fact 
that  we  have  not  detected  any  advance,  together  with  the  evidence  that  there  was  pro- 
nounced recession  between  1899  and  1905,  is  accepted  by  us  as  definite  proof  that  as  yet 
there  has  been  no  advance  as  a  result  of  the  earthquakes  of  1899.  In  1910  and  1913,  the 
junior  author  observed  a  continuation  of  retreat  of  the  land  arm  of  Nunatak  Glacier  which 
was  then  not  essentially  different  from  the  1909  condition  except  in  the  thinness  of  the 
terminal  feather  edge.  The  moraine  to  the  right  of  it  seemed  to  stand  slt^tly  higher  in 
relief  in  1910  than  the  year  before,  as  comparative  photographs  showed. 


Flo.  10.  Nunatak  Glacixb  at 
IMS,  Sbowimo  Goroi  nkab 
LAND-iNDiNa  Asm. 
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This  south  distributary  was  traversed  eastward  to  the  very  end  of  the  nunatak  to  make 
sure  of  the  contact  with  the  tidal  distributary,  which  changed  so  much  between  1909  and 
1910.  The  snow  line  was  veiy  low  at  the  time  of  this  journey,  June  it,  1910,  reaching 
practically  to  the  end  of  the  land  arm.  Nevertheless  long  strips  of  glacier  surface  had 
been  bared  by  the  wind,  and  the  snow  was  nowhere  veiy  deep,  so  it  was  clearly  evident 
throughout  the  journey  that  there  had  been  no  change  in  this  arm  of  the  glacier  since 
1905  and  1909,  except  lowering  by  ablation.  The  hard  coarsely-crystalline  ice  was  not 
at  all  crevassed. 

From  the  extreme  end  of  the  nunatak,  which  we  had  not  visited  before,  it  was  plain 
that  the  area  of  crevassing  that  extends  southeastward  from  the  nunatak  is  of  a  somewhat 
different  nature  than  more  distant  views  had  led  us  to  infer.  It  is  not  an  elongated  dome 
of  crevassing  which  we  have  thought  was  wholly  due  to  the  exposure  of  the  continuation 
of  the  rock  ridge  of  the  nunatak.  Instead  it  is  a  crevassed  northeast  edge  of  the  more 
stagnant  arm  of  the  glacier  and  in  1910  stood  several  hundred  feet  higher  than  the 
crevassed  surface  of  the  tidal  arm  which  flows  to  the  fiord.  The  crevasses  are  in  gigantic 
steps  descending  northeastward  and  breaking  the  edge  of  the  stagnant  arm.  Evidently 
during  the  two  and  a  half  mile  retreat  of  the  tidal  distributary,  between  1891  and  1909, 
its  surface  has  been  lowered  faster  by  ablation  and  flowage  combined  than  the  stagnant 
arm,  where  ablation  works  alone  and  where  the  retreat  was  only  a  half  mile  or  so.  The 
north  edge  of  the  stagnant  portion  is,  therefore,  breaking  because  of  removal  of  support 
and  is  perhaps  preparing  to  flow  later  into  the  tidal  distributary  instead  of  the  smaller 
arm  south  of  the  nunatak,  down  which  it  discharged  in  former  times.  The  rock  ledge 
continuing  the  nunatak  is  doubtless  here  as  we  have  hitherto  inferred,  but  the  lower 
ice  on  the  north  side  seems  primarily  responsible  for  permitting  the  crevassing. 

The  Sea  Tongue^  or  Tidal  Distributary.  The  tidal  distributary  of  Nunatak  Glacier, 
which  is  far  larger  than  the  land  tongue,  though  not  now  extending  so  far  west,  is  greatly 
crevassed  from  side  to  side.  When  visited  by  us  in  1905  and  1906  the  sea  face  was 
less  than  a  mile  wide,  ending  in  a  deep  fiord  bordered  by  precipitous  mountain  walls 
against  which  rested  narrow  lateral  moraines  which  projected  slightly  farther  than  the 
ice  front,  especially  in  the  case  of  the  narrower  south  moraine.  There  were  three  medial 
moraines  and  almost  no  other  d6bris  on  the  glacier.  The  ice  front,  which  rose  precipi- 
tously for  over  200  feet,  projected  farthest  in  the  middle,  and  discharged  icebergs  almost 
constantly,  the  iceberg  waves  giving  rise  to  violent  surf  which  was  doing  important 
wave-erosion  work  on  several  miles  of  adjacent  coast.  The  icebergs,  mostly  free  from 
debris  and  including  masses  that  rose  20  to  SO  feet  out  of  the  water,  were  less  numerous 
than  those  from  Hubbard  and  Turner  Glaciers. 

Two  streams  emerged  from  the  glacier  below  sea  level,  each  about  200  yards  from 
the  glacier  margin,  giving  rise  to  swirling  currents  of  muddy  water  which  kept  floating 
ice  away  from  the  sea  cliff,  except  just  after  an  iceberg  fall. .  The  northern  stream, 
which  was  the  larger,  showed  its  influence  for  over  a  mile.  Between  the  streams  there 
was  a  mass  of  floating  ice  close  to  the  glacier  front.  These  streams  were  thought  to 
be  accumulating  a  large  deposit  of  sediment  beneath  the  waters  of  the  fiord. 

Recession  of  the  Tidal  Distributary,  As  in  the  case  of  the  land  tongue  of  Nunatak 
Glacier,  the  tidal  distributary  furnishes  clear  evidence  of  notable  recent  recession. 
Russell's  description  in  1891  indicates  that  the  glacier  was  much  farther  out,  and  the 
general  absence  of  vegetation  on  the  margin  of  the  fiord,  as  well  as  the  freshly-smoothed 
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and  polished  rock  surfaces,  both  on  the  nunatak  and  on  the  mountain  slopes,  are  con- 
vincing evidence  of  recent  great  recession.  The  first  definite  evidence  as  to  the  position 
of  the  ice  front  is  furnished  by  the  Canadian  Boundary  Commission  map,  based  upon 
photographs  made  in  1895.  In  June,  1899,  Gilbert  made  photographs  of  the  tidal  end 
of  the  Nunatak  Glacier,  and  Gannett  made  a  map  showing  its  position  (PI.  LXIX,  B). 
From  Gilbert's  photographs  and  Gannett's  map,  compared  with  the  Boundary  Com- 
mission map,  it  is  evident  that  between  1895  and  1899  there  was  a  recession  of  the 
glacier  front  of  a  little  less  than  a  mile.  There  was  an  even  more  notable  retreat  be- 
tween 1895  and  1905. 

In  1905  we  were  able  to  reoccupy  the  exact  site  of  Gilbert's  1899  photograph  of  the 
tidal  end  of  Nunatak  Glacier  (Sta.  A,  Map  4),  even  to  the  extent  of  locating  small 
bowlders  in  the  immediate  foreground.  This  1899  photograph  is  reproduced  here  as 
PL  LXrV,  together  with  our  1905,  1906  and  1909  photographs  from  the  same  site 
(PL  LXV).  The  amount  of  thinning  and  recession  in  six  years  is  striking,  the  retreat 
being  a  little  over  a  mile.  We  thought  then  that  the  great,  and  for  this  region  excep- 
tional, recession  of  this  glacier  front  was  possibly  to  be  attributed  to  a  shattering  of 
the  glacier  by  the  earthquakes  of  September,  1899;  but  in  view  of  the  fact  that  the 
recession  went  on  at  least  as  fast  for  the  four  years  before  the  earthquakes,  we  are  now 
inclined  to  believe  that  this  was  not  the  case. 

We  occupied  the  Gilbert  site  again  in  1906,  and  at  that  time  the  glacier  front  just  barely 
appeared  from  behind  the  projecting  nunatak  and  was  much  thinner.  It  then  became 
evident  that  if  recession  continued  this  site  would  no  longer  possess  importance  because 
of  the  recession  of  the  glacier  out  of  sight  behind  the  nunatak.  This  we  found  to  be  the 
case  in  1909,  when  we  again  occupied  the  photographic  site,  and,  as  our  photograph  shows 
(PL  LXV,  C),  no  ice  appears.  The  total  recession  of  the  glacier  between  1905  and  1909 
was  about  five-eighths  of  a  mile,  making  a  recession  between  1899  and  1909,  of  a  little 
over  a  mile  and  a  half,  or  at  the  rate  of  nearly  860  feet  a  year.  That  this  recession  is 
exceptionally  rapid,  and  unexpected  by  Dr.  Gilbert,  is  indicated  by  the  fact  that  he 
chose  the  photographic  site  he  did.  One  could  scarcely  have  predicted  such  an  extremely 
great  recession  of  the  glacier  front  in  so  short  a  time. 

In  1905  and  1906  we  photographed  the  Nunatak  Glacier  from  other  viewpoints  so 
that  in  1909  we  had  a  basis  for  noting  the  recession,  which  could  no  longer  be  seen  from 
the  original  Gilbert  site.  One  of  these  photographic  sites  which  we  reoccupied  was  on 
the  crest  of  the  nunatak,  looking  down  upon  the  glacier  front.  Prom  here  we  found  that 
the  glacier  had  receded  greatly,  and  the  outline  of  its  front  had  changed  completely. 
By  examination  of  the  distinctive  small  gullies  (as  b,  PL  LXVI)  cut  in  the  gravels 
that  rest  on  the  steep  mountain  slope  on  the  northern  side  of  the  fiord,  we  are  able  to  tell 
exactly  where  the  ice  front  stood  in  the  two  years  (a,  ice  edge  in  1905,  PL  LXVI,  A;  c, 
ice  edge  in  1909,  PL  LXVI,  B),  and  it  is  from  this  site  that  we  estimate  the  amoimt  of 
recession  since  1905,  which  was  about  half  a  mile.  With  the  recession  of  the  glaciers 
there  has  apparently  been  a  change  in  the  position  of  outflow  of  the  subglacial  streams. 
In  1905  and  1906  there  were  two  such  streams,  the  larger  emerging  on  the  north  side,  the 
smaller  on  the  south.  In  1909  the  largest  stream  came  out  from  beneath  the  glacier 
near  the  south  margin,  while  there  was  a  smaller  one  in  the  middle,  and  another  small  one 
on  the  north.  Another  notable  change  in  1909,  as  compared  with  previous  years,  was  in 
the  discharge  of  icebergs.    Formerly  icebergs  were  so  frequently  discharged  that  one 
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needed  to  wait  only  a  short  time  to  witness  large  ice  falls  from  the  glacier  front;  but  in 
our  visit  of  1909  we  rarely  saw  or  heard  such  ice  falls,  and  the  fiord  in  front  of  the  glacier 
was  far  freer  from  floating  ice  than  in  former  years. 

Viewed  from  our  photographic  sites  on  the  north  side  of  Nunatak  Fiord,  the  Nunatak 
Glacier  presented  even  more  notable  changes.  In  1909  the  width  of  the  glacier  at  the 
terminus  was  only  |  of  a  mile  and  the  marginal  projections  noted  in  1905  were  entirely 
gone  (PL  LXVn,  B).  The  middle  projection  was  abo  destroyed  and  the  glacier  front 
extended  in  an  almost  straight  line  from  the  north  side  to  a  point  two-thirds  of  the  way 
across  the  fiord  where  there  was  a  very  slight  projection,  beyond  which  the  ice  front 
receded.    There  was  also  a  striking  difference  in  position  of  the  three  medial  moraines. 

In  1905  (PI.  LXVlIy  A)  these  moraines  entered  the  sea  near  the  middle  of  the  glacier. 
In  1909  they  were  all  over  in  the  southern  half  of  the  glacier.  The  black  medial  moraine 
caused  by  the  union  of  the  two  arms  of  the  Nunatak  Glacier  entered  the  sea  in  the  south- 
em  quarter  of  the  glacier  front.  The  reason  for  this  change  in  position  of  the  medial 
moraines  is  explained  by  the  appearance  of  a  bulging  of  the  ice  surface  across  the  southern 
arm  where  the  nunatak  hill  extends  beneath  the  glacier.  It  was  evident  that  the  southern 
tributary  had  been  so  diminished  in  activity  that  its  surface  had  been  lowered  by  ablation 
until  this  subglacial  rock  barrier  became  effective  enough  to  cut  off  a  considerable  part 
of  the  supply  that  the  southern  arm  formerly  contributed  to  the  tidal  end  of  Nunatak 
Glacier.  With  this  diminution  in  supply  from  the  southern  tributary,  the  still  vigorous 
northern  arm  was  able  to  thrust  the  medial  moraines  farther  and  farther  toward  the  south. 

Another  noteworthy  evidence  of  recession  was  clearly  brought  out  from  the  photo- 
graphic sites  which  were  established  on  the  alluvial  fans  on  the  north  side  of  the  fiord  a 
short  distance  from  sea  level.  From  one  viewpoint  (Sta.  F,  Map  4)  the  front  of  the  ice 
cliff  was  so  near  in  1905  that  it  hid  the  glacier  so  that  we  could  not  see  much  of  its 
surface.  Possibly  also  the  ice  cliff  was  higher  than  now.  In  1909,  on  the  other  hand, 
from  these  same  positions  we  were  able  to  look  up  on  the  ice  surface  for  a  considerable 
distance.  From  this  point  of  view  it  was  seen  in  1909  that  back  of  its  ice  cliff  the  glacier 
rose  in  a  series  of  steps;  and  the  rise  was  so  rapid  in  the  lower  mile  that  it  seemed  certain 
that  not  much  more  recession  would  be  needed  to  transform  this  tidal  glacier  to  one  resting 
on  the  land.  At  the  rate  of  recession  going  on  in  1909  it  would  have  been  surprising  if 
the  Nunatak  Glacier  had  been  still  tidal  at  the  end  of  another  ten  years  or  even  less. 

The  rapid  recession  of  Nunatak  Glacier  between  1891  and  1909  seems  to  be  part  of  a 
recession  of  much  greater  extent,  perhaps  continuous,  perhaps  interrupted  by  halts  and 
readvances,  but  certainly  never  interrupted  by  any  long  period  of  halting.  The  evi- 
dence of  the  former  extension  of  Nunatak  Glacier  until  it  coalesced  with  Hidden  Glacier, 
and  reached  far  up  Russell  Fiord,  has  been  stated  in  the  reports  on  our  1905  and  1906 
expeditions,  and  will  not  be  repeated  here.  That  the  complete  recession  from  this  former 
extension  of  the  glacier  has  occurred  in  a  brief  time,  is  proved  by  the  condition  of  vege- 
tation which  is  now  advancing  to  reoccupy  the  area  from  which  the  glacier  has  so  re- 
cently receded.  Positive  and  definite  evidence  of  the  amount  of  recession  for  a  portion 
of  the  distance  has  just  been  stated  in  comparison  of  the  photographic  records  of  1895, 
1899,  1905,  1906,  1909  and  1910.  The  1899  photographs  by  Gilbert  show  clearly  the 
position  of  the  ice  edge  in  that  year,  and  in  1905,  1909  and  1910  some  of  the  ice  still  re- 
mained in  a  stagnant,  d^bris-K^overed  mass,  detached  from  the  main  glacier  and  lying  in 
about  the  position  occupied  in  1899  by  the  outermost  moraine-covered  northern  edge  of 
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the  glacier.  0£F  shore  from  this  point,  in  1909,  there  was  a  submerged  reef,  extending 
three-quarters  of  a  mile  from  shore,  sufficiently  shallow  for  the  stranding  of  large  icebergs. 
Soundings  made  in  1910  show  that  this  is  probably  part  of  the  morainic  deposit  made 
during  a  halt  in  the  glacial  recession.  A  halt  is  suggested  by  the  comparison  between 
the  position  of  Nunatak  Glacier  in  1895,  as  indicated  by  the  Boundary  Commission 
map,  and  its  known  position  in  1899.  Upon  this  evidence  the  rate  of  recession  between 
1895  and  1899  was  about  1150  feet  a  year,  or  half  as  fast  again  as  between  1899  and  1909. 
If  recession  between  1891  and  1895  was  as  fast  even  as  the  rate  between  1899  and  1909 
(860  feet  per  year)  it  would  carry  the  tidal  arm  of  the  glacier  out  far  enough  to  have  led 
Russell,  from  his  distant  point  of  view  at  Cape  Enchantment,  to  have  inferred  that 
the  land  tongue  and  the  extended  tidal  end  of  Nunatak  Glacier  actually  coalesced.  It 
is  to  be  remembered,  however,  that  Russell  did  not  specifically  state  that  the  nunatak 
was  actually  surrounded  in  1891,  though  the  name  '^Nunatak,'*  and  the  statement 
that  it  ''rises  through"  the  glacier  ''like  an  island,"  warrant  this  interpretation  of  his 
description.  The  rate  of  recession  may  have  been  even  more  rapid  between  1891  and 
1895,  for  the  rate  from  1895  to  1899  was  apparently  one  and  a  half  times  as  fast  as  the 
rate  from  1899  to  1909,  perhaps  partly  as  a  result  of  the  change  in  exposure  of  the  glacier 
front,  from  southwest  to  northwest,  with  the  bending  of  the  fiord,  and  partly  of  the  re- 
treat of  the  glacier  to  a  position  in  a  narrower  fiord  with  the  high  nunatak  rising  south 
of  the  1899  to  1909  ice  front,  whereas  at  earlier  stages  the  southern  side  of  the  broader 
glacier  rested  against  low  ground  which  separates  the  fiord  from  the  southern  mountain 
wall. 

Our  observations  on  the  tidal  distributaiy  of  Nunatak  Glacier  corroborate  the  con- 
clusion reached  from  our  observations  on  the  land  distributary  that  up  to  1909  there 
was  no  response  in  this  glacier  from  the  effect  of  the  earthquake  shaking  of  1899.  Nuna- 
tak Glacier  had  undergone  steady  and  extensive  recession  during  the  period  of  obser- 
vation (PI.  LXIX).  In  this  respect  it  contrasts  with  the  two  other  tidal  glaciers  of  Yaku- 
tat  Bay,  the  Turner  and  Hubbard,  both  of  which  give  indication  of  minor  fluctuations  in 
their  ice  fronts.  These  two  glaciers  have  either  maintained  their  position  or  have  actually 
advanced,  as  has  the  other  large  glacier,  the  Hidden.  We  felt  after  our  observations  in 
1909  that  it  could  hardly  be  believed  that  in  this  region,  where  so  many  glaciers  have 
advanced  under  the  influence  of  the  1899  earthquakes,  a  large  glacier  like  the  Nunatak 
would  fail  to  ultimately  respond.  We  therefore  anticipated  that  before  many  years  the 
period  of  recession,  so  long  and  effectively  in  progress,  would  be  brought  to  an  end  and 
be  replaced  by  a  sudden  forward  movement. 

Advance  of  the  Tidal  Distributary  in  1910,  The  junior  author  found  that  between 
July  24,  1909,  and  June  17,  1910,  the  retreat  of  the  tidal  arm  of  Nunatak  Glacier  had 
ceased  and  an  advance  begun.  Our  resurvey  of  the  ice  front  plotted  accurately  in  1910 
on  a  plane  table  map  made  a  little  less  than  eleven  months  before  (Map  4),  proved  the 
advance  to  have  varied  in  different  parts  of  the  ice  front,  the  advance  of  the  north 
side  of  the  glacier  being  1000  feet,  the  south  side  350  to  400  feet,  and  the  middle  of  the 
glacier  700  feet.  The  1910  ice  front  is  shown  with  that  of  1909  on  Plate  LXX.  Both 
margins  of  the  glacier  were  seen  to  have  extended  northwestward  down  the  flord  and 
the  advance  of  the  middle  was  shown  by  the  lengthening  of  the  medial  moraines. 

This  is  well  shown  in  PL  LXX  where  the  photographs  in  1909  and  1910  show  the  ad- 
vance on  both  the  left  (north  side  of  fiord)  and  on  the  right  margin,  as  well  as  an 
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increase  in  curvature  of  the  three  promiDent  medial  moraines  and  their  extension  to  the 
right  with  the  advance  of  the  glacier  down  the  fiord.  These  pictures  also  suggest  an 
explanation  of  the  lower  bend  in  these  medials  in  connection  mth  the  crowding  down  of 
the  unsupported  ice  edge  of  the  stagnant  south  tributary. 

Comparison  of  the  1909  and  1910  photographs  shows  clearly  that  the  1910  ice  front 
was  an  intermediate  position  between  that  of  1905  and  that  of  1909,  the  margins  which 
receded  during  this  period  of  four  years  of  retreat  not  having  yet  advanced  in  1910  to 
the  1905  position.  The  lengthening  of  the  medial  moraines  was  also  apparent  and  there 
seemed  to  be  a  thickening  on  the  north  side  near  the  curve  in  the  crevassed  north  tribu- 
tary. By  comparing  these  two  photographs  with  the  1005  picture  from  the  same  site 
it  was  evident  that  at  the  east  end  of  the  nunatak  the  crevassing  which  extends  into  the 
edge  of  the  stagnant  south  tributary  was  more  extensive  in  1900  than  in  1905  and  less 
extensive  in  1910  than  in  1900,  as  would  be  natural  if  the  main  crevassed  glacier  was 
thinned  by  ablation  between  1905  and  1909  and  thickened  again  by  advance  between 
1909  and  1910. 

Soundings  in  the  fiord  in  1910,  discussed  more  fully  in  Chapter  XI,  showed  that  the 
depth  of  n'ster  about  a  thousand  feet  west  of  the  ice  front  of  Kunatak  Glacier  was  555 
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feet.  A  tnie  scale  cross-section  of  Nunatak  Glacier  when  it  was  at  that  pcnnt  (sometime 
between  1900  and  1009)  is  reproduced  as  ISg.  11  and  shows  (a)  that  the  glacier  was  about 
750  feet  thick;  (b)  that  as  the  portion  above  sea  level  was  only  200  feet  (two-oeventha  of 
the  thickness),  the  glacier  could  not  possibly  be  afloat;  (c)  that  the  slopes  of  the  fiord 
walls  abo^'e  and  below  sea  level  are  not  significantly  differmt;  (d)  that  the  prt^wrtion 
of  the  glacial  valley  now  occupied  by  the  ice  is  much  less  than  nhea  the  greater  glacier 
overrode  and  rose  high  above  the  nunatak. 

Nunatak  Glacier  from  1911  to  191S.  In  1011  and  1912  the  Nunatak  Glacier  waa 
visited  by  a  Boundary  Surv-^  party  under  the  direction  of  N.  3.  Oplviei  In  1911 
they  observed  a  slight  continuation  of  the  advance  of  the  previous  year.  In  1912  the 
glacier  had  commenced  to  mdt  back  again,  having  letieated  an  amount  estimated  to 
be  a  quarter  mile. 

Iq  September,  1913,  the  junior  author  revisited  the  Nunatak  Glacier  with  the  In- 
ternational Geolt^cal  Congress.  It  was  evident  that  the  tidal  ice  front  was  still 
retreating;  the  northern  margin  projecting  farther  west  than  the  center  of  the  glacier, 
but  no  precise  measurements  of  the  amount  of  diminution  were  obtained. 

RekOum  to  Earthquake.  The  advance  which  commenced  in  1910  was  a  minor  one. 
such  as  has  affected  Turner  and  Hubbard  Glaciers  several  times  since  1800,  not  a 
greater  one,  such  as  has  come  about  in  Galiano,  Haenke,  Atrevida,  Lucia,  Marvine,  and 


NUNATAK  AND  CASCADING  GLACIERS 


141 


Hidden  Glaciers.  In  a  tidal  ice  tongue  like  the  Nunatak  Glacier  the  future  be- 
havior is  to  be  watched  with  the  utmost  interest.  If  the  advance  is  attributable  to 
the  avalanche  supply  during  the  1899  earthquakes,  as  we  believe,  this  glacier  has  taken 
between  ten  and  eleven  years  to  respond  to  the  accession  in  the  snowfields  and  upper 
glacial  tributaries.  If  the  slight  advance  in  1910  was  due  to  the  thrust  of  a  small  tribu- 
tary there  may  yet  come  a  greater  advance  due  to  the  activity  of  larger  tributaries. 
If  no  advance  comes  in  the  next  few  years  we  shall  perhaps  be  warranted  in  ascribing 
the  lack  of  great  advances  of  the  Nunatak,  Hubbard,  and  Turner  Glaciers  to  their 
tidal  condition. 

The  following  tabular  statement  shows  the  known  histoiy  of  the  tidal  arm  of  Nunatak 
Glacier  up  to  191S: 


Year 

Nature  of  Change 

Ohaerver 

Before  1891 

Probably  retreat 

Russell 

1891-1895 

Retreat 

Boundary  Survey 

1895-1899 

Retreat  about  4600  feet 

Gilbert 

189^1905 

Retreat  about  5800  feet 

Tarr  and  Martin 

1905-1906 

Retreat 

Tarr 

1905-1909 

Retreat  about  SSOO  feet 

Tarr  and  Martin 

190^1910 

Advance  700-1000  feet 

Martin 

1910-1911 

Advance,  slight 

Boundary  Survey 

1911-1912 

Retreat  about  \  mile 

Boundary  Survey 

1912-1913 

Retreat,  slight 

Martin 

Cascadino  Glacier 

General  Description,  Gilbert  ^  who  photographed  and  named  the  Cascading  Glacier 
in  1899,  when  Gannett '  showed  it  upon  the  map  of  Nunatak  Fiord,  speaks  of  it  as  oc- 
cupying a  high  valley  nearly  at  right  angles  to  the  Nunatak  trough.  "It  was  seen  only 
as  a  series  of  ice  cascades,  pouring  from  ledge  to  ledge  for  a  thousand  feet  down  the  steep 
wall  of  the  trough."  Its  valley  lies  entirely  above  snow  line  and  heads  a  few  miles  to 
the  south  in  the  mountains  that  lie  between  Hidden  Glacier  and  Nunatak  Fiord.  The 
characteristics  of  the  glacier  in  this  valley  are  unknown  excepting  at  the  very  edge,  but 
it  is  probably  not  materially  unlike  scores  of  other  short,  high,  mountain  valley  glaciers. 

The  most  noteworthy  feature  of  the  Cascading  Glacier  is  that  on  reaching  the  end 
of  its  high  valley,  at  an  elevation  of  1500  feet  or  more  above  the  fiord,  its  slope  abruptly 
changes  and  it  descends  the  steep  south  wall  of  Nunatak  Fiord  in  a  series  of  steps,  with 
greatly-broken  surface  (PL  LX,  B),  like  a  frozen  waterfall  on  the  mountain  side,  which, 
from  its  resemblance  lo  a  cascade,  led  Dr.  Gilbert  to  give  this  glacier  its  name.  The 
slope  over  which  this  glacier  descends  is  so  steep  that  it  is  doubtful  if  the  glacier  could 
cUng  to  it  were  it  not  for  the  fact  that  there  are  two  pronounced  rock  terraces  and 
several  smaller  ones  (PL  LXXH,  A),  caused  by  the  fluting  of  the  valley  side  by  earlier 
glacial  erosion,  when  the  former  expanded  Nunatak  Glacier  rose  up  over  the  valley  side 

1  Gflbert,  G.  K.,  Harriman  Alaska  Expedition.  Vol.  3,  1904,  p.  60. 
*  Gannett,  Henry,  Same,  PI.  Ill  opposite  p.  58. 
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and  swept  powerfully  westward  through  the  fiord.  The  ice  of  Cascading  Glacier  pours 
over  the  lip  of  its  valley  down  to  a  point  just  below  the  second  pronounced  rock  bench 
(PLLXm),  where  its  further  advance  is  checked,  partly  by  ablation  and  partly  by  the 
discharge  of  fragments  that  tumble  down  from  its  terminus.  The  melting  of  the  glacier 
has  produced  no  single  large  stream,  but  a  multitude  of  small  rills  extend  from  its  front 
down  to  the  cliff  base.  These  tiny  streams  have  not  sufficient  volume,  and  have  not 
been  at  work  for  a  long  enough  time  to  have  erased  the  glacial  grooves  produced  by 
the  formerly-expanded,  westward-moving,  Nunatak  Glacier.  The  largest  stream,  itself 
of  small  size,  emerges  from  the  west  end  where  the  ice  rests  on  the  upper  rock  bench. 
Apparently  the  downward  extension  of  Cascade  Glacier  is  mainly  checked  by  the  fall- 
ing of  ice  blocks  rather  than  by  ablation.  During  each  of  our  visits  to  this  glacier  we 
either  heard  or  saw  the  fall  of  the  ice  blocks  at  frequent  intervals.  Usually  these  falls 
consist  of  only  small  masses,  but  oftentimes  great  blocks  were  detached.  There  is  an 
extensive  talus  of  these  fallen  ice  blocks,  mixed  with  rock  fragments,  rising  almost  up 
to  the  terminus  of  the  glacier. 

By  these  falls  of  ice  the  form  of  the  lower  edge  of  the  Cascading  Glacier  has  been  mate- 
rially altered  since  it  was  first  observed  by  Gilbert  in  1899,  the  greatest  part  of  the  change 
having  occurred  between  1899  and  1905,  though  there  have  been  noticeable  changes  be- 
tween 1905  and  1909.  In  1899  a  broad  tongue  of  ice  extended  from  the  lower  bench  down 
the  steep  cliff  face  to  a  moraine  area  at  its  base,  which  was  probably  the  lateral  moraine 
of  the  land  tongue  of  Nunatak  Glacier.  This  projecting  point  of  Cascading  Glacier  had 
almost  entirely  disappeared  in  1909  and  the  total  recession  at  this  point  has  amounted  to 
between  200  and  300  feet.  Its  form  changed  slightly  between  1909  and  191S.  There 
have  been  minor  changes  in  other  parts  of  the  Cascading  Glacier  margin,  but  nothing 
noteworthy  excepting  the  developing  of  a  moraine-covered  area  on  the  west  side  just 
above  the  lower  bench. 

There  is  no  sign  of  response  of  this  glacier  to  advance  through  earthquake  shakings 
and  in  view  of  the  fact  that  it  has  been  examined  and  photographed  in  1899,  1905, 1909, 
1910  and  1913,  each  of  the  latter  four  years  showing  recession,  we  feel  warranted  in 
assiuning  that  this  glacier  has  not  made  any  advance  whose  effect  extended  b^ond 
the  lip  of  the  mountain  valley.  In  view  of  the  shortness  of  the  glacier  we  assume  that 
it  will  not  in  the  future  respond  to  the  infiuence  of  earthquake  shaking.  Why  this 
glacier  should  not  respond,  as  other  glaciers  have  done,  is  not  easy  to  understand,  unless 
it  is  due  to  the  fact  that  in  this  high-lying  valley,  in  the  midst  of  mountains  which  do  not 
rise  to  any  great  height  above  it,  there  are  not  extensive  slopes  on  which  the  snow  rests 
with  sufficient  instability  to  be  shaken  into  the  valley  in  great  enough  quantities  to  cause 
an  advance  in  the  glacier. 

Significance  of  the  Cascading  Condition.  Cascading  Glacier  is  one  of  many  glaciers 
of  the  same  type,  found  not  only  in  the  Yakutat  Bay  region,  but  in  many  other  parts 
of  the  glacial  region  of  Alaska.  Indeed,  the  name  has  suggested  itself  to  others  besides 
Gilbert,  and  there  are  already  at  least  three  other  glaciers  of  this  name  in  Alaska,  beside 
glaciers  with  names  Uke  Cataract  Glacier,  Hanging  Glacier  and  Toboggan  Glacier,  which 
are  evidently  of  the  same  type.  This  cascading  condition  seems  to  be  dependent  upon 
two  factors  widespread  in  Alaska;  first,  the  former  extension  of  great  trunk  j^aciers  which 
have  so  lowered  the  main  valleys  by  glacial  erosion  as  to  leave  the  tributaries  hanging 
high  above  their  bottoms;  and,  secondly,  the  uncovering  of  the  steepened  slopes  below  the 
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lips  of  the  hanging  valleys  by  the  recession  of  the  trunk  glaciers.  Applying  this  explana- 
tion specifically  to  the  Cascading  Glacier  of  Nunatak  Fiord,  the  evidence  is  conclusive 
that  the  entire  fiord,  up  to  a  level  much  higher  than  the  point  where  Cascading  Glacier 
emerges  from  its  valley,  was  formerly  filled  with  ice  which  moved  vigorously  westward. 
The  deposits  left  by  this  expanded  Nunatak  Glacier,  and  the  grooves  and  flutings  which 
it  wore  in  the  rock  of  the  mountain  sides  are  plainly  visible  throughout  the  fiord.  That 
this  greatly-expanded  glacier  flowed  vigorously,  and  for  a  long  period  of  time,  is  proved 
by  the  series  of  perfect  hanging  valleys  perched  high  above  the  water  surface  on  both 
sides  of  the  main  fiord.  The  inference  is,  therefore,  warranted  that  before  Nunatak 
Glacier  reached  this  expanded  condition  there  was  a  main  valley  whose  bottom  was  at 
least  as  high  as  the  bottoms  of  the  hanging  valleys,  and  that  while  the  lateral  valleys 
have  been  worn  by  glacial  erosion  to  some  extent,  the  main  valley  has  been  worn  much 
faster  and  much  deeper. 

During  the  ice-flood  condition  of  the  Nunatak  Glacier  these  lateral  glaciers  presumably 
entered  the  main  glacier  with  their  surface  levels  approximately  accordant  with  the  sur- 
face of  the  main  glacier.  Such  a  condition  is  now  observed  in  tributaries  of  the  larger 
glaciers  far  back  in  the  mountains.  In  these  cases,  however,  there  is  usually  a  step  or 
descent  in  the  glacier  surface  just  above  where  the  tributary  joins  the  main  glacier. 
Whether  this  condition  is  due  to  a  moderate  recession  of  the  main  glacier,  or  whether  it 
is  normal  to  the  flooded  stage,  cannot  be  stated  on  the  basis  of  direct  observation,  but  by 
inference  it  seems  probable  that  in  the  stage  of  highest  ice  flood  the  tributary  glacier 
surface  would  be  approximately  accordant  with  that  of  the  main  glacier  and  that  the 
step  would  be  absent.  During  the  flood  stage  the  tributary  ice  streams  contribute  a 
greater  or  less  amount  of  ice  to  the  main  glacier  according  to  their  size;  but  in  the  great 
majority  of  cases  these  tributaries  are  so  small  that  as  soon  as  they  join  the  main  stream 
they  are  at  once  dominated  by  the  powerful  thrust  of  the  main  glacier.  That  this  was 
true  of  the  Cascading  Glacier  is  clearly  proved  by  the  huge  parallel  rock  grooves  on  the 
mountain  slope  beneath  it.  These  were  without  question  eroded  by  the  vigorous  west- 
ward-moving Nunatak  Glacier,  and  there  is  no  sign  of  grooving  resulting  from  the  in- 
coming of  the  Cascading  Glacier. 

When  the  main  glacier  begins  to  wane,  its  thickness  decreases  while,  at  the  same  time, 
the  front  recedes  up-stream,  and  thus  ultimately,  because  of  thinning,  the  fact  of  dis- 
cordance between  the  bottom  levels  of  the  tributary  and  main  valleys  become  apparent 
by  the  development  of  a  step  where  the  tributary  emerges  to  join  the  main  ice 
stream.  With  continued  lowering  of  the  main  glacier  the  length  of  this  step  increases, 
and  we  may  ultimately  have  a  cascading  glacier  extending  from  the  lip  of  its  valley  down 
almost  to  the  base  of  the  steepened  slope  beneath  the  hanging  valley.  This  stage  in 
the  development  of  cascading  glaciers  is  illustrated  by  a  tributary  on  the  south  side  of 
the  Nunatak  Glacier  about  a  mile  east  of  the  Cascading  Glacier.  It  descends  from  a 
valley  of  about  the  same  height  as  that  of  the  Cascading  Glacier,  but  its  cascading  front 
extends  clear  down  to  the  glacier  surface.  Scores  of  instances  of  similar  condition  are 
found  in  the  Alaskan  region.  The  next  step  consists  in  the  discontinuation  of  the 
tributary  end,  and  then  we  have  the  production  of  the  typical  cascading  glacier,  of  which 
the  one  under  consideration  is  a  perfect  example. 

Once  the  cascading  glacier  is  disconnected  from  the  main  ice  stream  to  which  it  was 
formerly  tributary,  its  recession  is  relatively  rapid.    This  is  due  first  to  the  steepness 
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of  the  cascading  part  of  the  glacier,  which  permits  the  falling  of  ice  fragments  from  its 
front,  thus  adding  a  very  effective  cause  for  recession  to  the  ordinary  one  of  melting. 
A  second  important  reason  for  more  rapid  recession  in  this  stage  is  oftentimes  the  with- 
drawal of  the  main  glacier  from  beneath  the  cascading  glacier.  This  withdrawal  of  the 
ice  results  in  the  raising  of  the  mean  annual  temperature  in  the  immediate  neighborhood, 
and  consequently  in  an  increase  in  ablation.^  This  cause  becomes  particularly  effective 
when  by  the  withdrawal  of  the  main  glacier  the  waters  of  a  fiord  take  its  place.  Perhaps 
this  is  the  main  reason  why  the  Hanging  Glacier  on  the  north  side  of  Nunatak  Fiord  no 
longer  cascades  out  of  its  mountain  valley.  For  these  two  reasons,  after  disconnection 
of  a  cascading  glacier  from  the  main  glacier  there  is  a  period  of  rapid  recession;  but  above 
a  certain  level  melting  must  again  become  retarded  and  recession  diminish  because  of 
the  lower  mean  temperature  at  that  elevation.  Ultimately,  if  no  change  in  the  ice  supply 
comes  about,  the  time  might  arrive  when  a  balance  between  ablation  and  supply  would 
be  reached  and  the  end  of  the  cascading  glacier  hold  its  position  somewhere  below  the 
level  of  the  vall^  lip.  Such  condition  does  not  seem  to  be  possible  in  the  Yakutat  Bay 
region  excepting  up  those  main  valleys  which  are  still  occupied  by  ice.  Throughout  the 
region,  wherever  the  main  glacier  has  receded  past  the  mouths  of  the  hanging  valleys, 
it  is  apparent  that  but  a  short  time  has  been  required  for  recession  to  destroy  the  cascad- 
ing condition  and  to  force  the  ice  front  back  up  into  the  hanging  mountain  valley.  This 
fact  is  also  illustrated  in  the  Nunatak  Fiord.  Almost  directly  opposite  the  Cascading 
Glacier,  on  the  north  side  of  the  Nunatak  Fiord  valley,  there  is  a  hanging  valley  of  some- 
what lower  level  than  that  occupied  by  the  Cascading  Glacier,  and,  therefore,  presumably 
formerly  occupied  by  a  more  vigorous  glacier.  The  first  positive  knowledge  in  regard 
to  this  valley  was  obtained  from  Gilbert's  photograph  in  1899  (Fl.  LXlV)  where  it  is  seen 
that  the  tidal  arm  of  Nunatak  Glacier  at  that  time  expanded  completely  across  the  mouth 
of  this  hanging  valley.  In  the  valley  was  Hanging  Glacier,  an  ice  tongue  in  which  clear 
ice  showed  just  above  the  lip  of  the  hanging  valley,  while  below  the  lip  a  moraine-covered 
tongue  projected  to  about  half  the  distance  between  the  lip  and  the  surface  of  Nunatak 
Glacier.  Because  of  the  lowness  of  this  hanging  valley,  and  because  of  the  fact  that 
it  opens  toward  the  south,  ablation  had  proceeded  much  faster  on  the  end  of  this  glacier 
than  on  the  Cascading  Glacier.  It  was,  therefore,  so  covered  by  moraine  that  the  appear- 
ance of  cascading  was  entirely  absent,  a  condition  due  partly  to  the  fact  that  the  slope 
below  the  lip  of  the  hanging  valley  is  less  steep  than  that  in  the  Cascading  Glacier,  partly 
to  the  presence  of  an  extensive  deposit  of  gravels  on  the  northern  side  of  Nunatak  vall^ 
rising  part  way  up  the  mountain  base.  In  the  interval  between  1899  and  1909  Hanging 
Glacier  receded  so  perceptibly  that  its  lower  moraine-covered  end  was  almost  up  to  the 
level  of  the  hanging  valley  lip;  and  in  the  meantime  the  clear  ice  area  was  entirely  replaced 
by  moraine-covered  ice.  At  the  present  rate  of  recession  it  cannot  be  long  before  this 
glacier  will  lie  entirely  inside  the  lip  of  the  hanging  valley.  It  may,  therefore,  be  con- 
sidered a  third  stage  in  the  destruction  of  the  cascading  type  of  glacier. 

Succeeding  stages  introduce  no  points  of  special  significance,  for  the  later  stages  con- 
sist merely  in  continued  recession  of  a  valley  glacier.  In  the  vall^r  next  west  of  the  Cas- 
cading Glacier,  which  hangs  about  700  feet  above  the  fiord  level  (PL  LI,  B),  there  is  such 
a  receding  glacier  whose  end  now  lies  about  a  mile  back  from  the  lip  of  the  hanging 
valley.     In  this  case  a  single  good-sized  glacial  stream  flows  from  the  ice  front  down  to 

^The  covering  of  a  main  glacier  by  a  thick  mantle  of  ablation  moraine  during  leceaaoii  has  the  «me  effect. 
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A.     Variegated  Glacier  in  1905 

From  station  II  (M»p  3).     The  advanw  in  1906  covered  gorge  and  waterfall.     See  Plate 

Lll  and  [nk  line  near  dale  1909. 
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Casta Di\Q  Glacier 
E'lml.^rnpli,  Jiim-  i\,  189a,  from  Suticn  B  (Mup  4),  by  G.  K,  Gilbert. 
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the  e4ge  of  tlie  hunging  valley  (PL  LXXi),  then  tumbles  predpitousty  down  the  slope  in 
a  AaBofw  gorge  (PL  LX,  B),  nhich  it  is  activdy  deepening.  In  the  earlier  stages  of 
destmcticMi  of  a  casrading  ^ader  the  drainage  is  less  concentrated,  and  when  we  reach 
as  eaily  a  stage  as  that  of  theCascadingGlacieritsdf,  a  multitude  of  streams  disdiarge 
the  ioe  drainage  down  the  steepened  slope  in  nowdl  defined  courses. 

Tliis  cascading  type  of  Racier,  exists,  to  some  extent  at  least,  in  the  Alps,  an<i,  in  fact, 
must  be  a  common  condition  in  the  recession  of  trunk  glaciers.  Doubtless  it  was  far 
moie  common,  and  far  better  deveioped  in  the  Alps  during  the  greatly  expanded  con- 
ditiaii  of  f^adera  in  the  Glacial  Period ;  for  the  Alpine  ^aciation  of  that  time  more  doa^ 
leaonbled  the  f^adation  in  Alaska  to-day  than  does  the  system  of  present-day  Airline 
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CHAPTER  IX 

THE  HroDEN,  FOURTH,  AND  SMALLER  GLACIERS 

The  Hidden  GLAasB 

General  Description,  The  Hidden  Glacier  was  named  by  Russell  ^  in  1891  when  he 
was  exploring  Russell  Fiord  and  '*  sailed  slowly  southward  before  an  uncertain  breeze, 
and  about  five  miles  south  of  Cape  Enchantment  saw  a  deep  opening  in  the  steep  bluffs 
forming  the  eastern  wall  of  the  valley.  A  curve  in  the  shore  there  forms  a  shallow  bay, 
at  the  head  of  which  there  is  a  break  in  the  hills,  and  we  could  look  into  the  mouth  of 
the  canon-like  valley  which  comes  down  to  the  water  with  a  very  low  grade,  and  is 
occupied  a  short  distance  within  by  the  end  of  a  good-sized  glacier.  Only  glimpses  of  this 
interesting  valley  and  of  the  glacier  which  it  shelters,  named  Hidden  Glacier,  could  be 
had  as  we  passed." 

This  glacier  was  photographed  and  roughly  mapped  by  the  Canadian  Boundary  Survey 
in  1895 '  and  in  1899  Gilbert  and  Gannett,  of  the  Harriman  Expedition,  studied  and 
mapped  Hidden  Glacier,'  which  was  revisited  and  studied  by  us  in  1905, 1906,  1909» 
1910,  and  1913.^  No  doubt  the  name  Hidden  suggested  itself  to  Russell  because  the 
glacier  was  not  visible  as  he  sailed  up  the  fiord,  excepting  from  one  point  of  view. 
Down  to  1906  Hidden  Glacier  retained  the  same  general  position,  its  front  being 
separated  from  the  fiord  by  an  outwash  gravel  plain  a  little  over  two  miles  in  length, 
terminating  in  a  branching,  muddy  delta  front  at  the  head  of  a  small  bay  called 
Seal  Bay  by  the  natives;  but  between  1906  and  1909  the  glacier  changed  greatly. 
For  comparison  of  Hidden  Glacier  as  subsequently  observed  by  us,  as  well  as  for  com* 
parison  with  its  condition  when  studied  by  Gilbert  in  1899,  we  will  describe  its  appear- 
ance in  1905  in  some  detail. 

The  upper  parts  of  Hidden  Glacier  are  better  known  than  any  of  the  other  large  glaciers 
of  Yakutat  Bay.  The  maps  of  the  Canadian  and  American  boundary  surveyors 
(Fig.  12)  show  it  to  be  a  through  glacier  connected  toward  the  east  with  one  or  more 
glaciers  tributary  to  the  Alsek  valley,  on  the  north  with  the  upper  portions  of  the 
Nunatak  Glacier,  and  on  the  south  with  the  upper  portions  of  the  Fourth  and  Yakutat 
Glaciers.  We  do  not  know  from  direct  observation  what  the  condition  of  the  glacier 
tributaries  may  be,  nor  their  size  or  number;  but  the  inactivity  of  Hidden  Glacier  in 
1899,  1905,  and  1906,  and  the  condition  and  position  of  the  glacier  front  suggests  that 
there  is  a  limited  supply  of  ice.    In  1905  the  glacier  was  about  a  mile  in  width  at  its 

I  Russell,  I.  C,  Second  Expedition  to  Mt.  St.  Elias,  ISth  Ann.  Rept..  U.  S.  Geol.  Sur^y.  1802,  p.  87. 

>  Atlas  of  Award,  Alaskan  Boundary  Tribunal.  Sheet  21. 

>  Harriman  Alaska  Expedition,  Vol.  Ill,  1004,  pp.  5S-68  and  VI,  IV. 

« Tarr,  R.  S.  and  Martin,  La^Tence,  Glaciers  and  Gladation  of  Yakutat  Bay»  Alaska,  Bull.  Amer.  Geog.  See, 
Vol.  XXXVIII,  1906,  pp.  150, 151;  Tarr,  R.  S.,  The  YakuUt  Bay  Region,  Alaska,  Profeasional  Paper  64,  U.  & 
Geol.  Survey,  1909,  pp.  59-64;  Tarr,  R.  S.  and  Martin,  Lawrence,  The  National  Geographic  Society't  AUskan 
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teimmiu,  being,  therefore,  about  aa  wide  as  Nunatak  Glacier  or  Turoer  Glacier  within 
its  mountain  valley.  Its  surface  was  not  notably  crevassed  and  its  front  did  not  extend 
to  the  sea.  Snow-capped  mountains  rise  above  it,  on  either  side  (PI.  LXXIID,  and  a 
number  of  small  tributary  glaciers  descend  from  extensive  snowfields  on  the  slopes  oi 
the  enclosing  mountains;  but  there  is  no  proof  of  the  existence  of  any  large  tributaries. 
In  1905  the  lower  five  or  six  miles  of  Hidden  Glacier  reminded  one  very  much  of  the 
Orange  and  Fourth  Glaciers.  The  glacier  surface  was  smooth  and  only  sh^tly  crevassedt 
and  there  was  an  almost  total  absence  of  morainic  d£bris.  On  each  side  of  the  lower 
glacier  there  was  a  well-defined  lateral  moraine  which  in  its  lower  portion  rose  in  the  form 
of  an  irregular  ridge  because  of  the  protection  which  the  mor^ne  cover  gave  to  the  imder- 
lying  ice.  There  were  two  medial  moraines,  one  coming  down  to  the  front  close  by  the 
southern  lateral  moraine,  the  other  a  few  hundred  yards  farther  north.  These  two  medial 
moraines  are  interpreted  as  repre- 
senting the  incoming  of  two  weaker 
tributaries  from  the  south  side  and 
further  as  indication  that  the  main 
glacier  supply  is  either  from  the  east 
or  from  the  north,  presumably  the 
former  because  of  the  narrow  belt  of 
mountains  on  the  north  side  between 
the  Nunatak  and  Hidden  Glaciers. 
The  lateral  moraines  extended  a 
short  distance  beyond  the  visible 
front  of  the  Hidden  Glacier,  form- 
ing a  hummocky  group  of  ice-cored 
morainic  hills.  Between  the  lateral 
and  medial  moraines,  even  at  the 
veiy  front  of  the  glacier,  the  surface 
was  remarkably  free  from  moraine, 
only  a  small  amount  of  staining  in 
the  outermost  portion  discoloring 
the  otherwise  clear  ice  surface. 

The  lowest  tributary  to  the  Hidden  Glacier  entered  it  about  half  a  mile  from  its  front 
This  tributary  is  short  and  is  supplied  from  a  great  snowfield  that  clothes  the  steep  upper 
portion  of  its  valley;  but  it  was  evidently  not  supplying  a  great  amount  of  ice  to  Hidden 
Glacier  in  1905  for  its  lower  portion  was  completely  covered  by  ablation  moraine.  Abla- 
tion was  in  rapid  progress  all  over  the  lower  part  of  the  Hidden  Glacier,  and  the  snow 
line  lay  far  up  the  glacier. 

The  surface  slope  of  Hidden  Glacier  was  very  moderate,  but  at  the  front  the  slope  in- 
creased to  from  10*  to  20°.  Here  the  glacier  apparency  terminated  and  from  the  visible 
front  two  fair-sized  glacial  streams  emerged,  besides  several  smaller  ones.  The  smaller 
of  the  two  streams  came  from  the  ice  on  the  north  side  of  the  valley,  entered  a  deep  gorge 
cut  in  older  glacial  gravels,  then  flowed  out  in  numerous  branches  over  an  alluvial  fan 
which  graded  down  to  the  outwash  gravel  plain  that  lay  between  the  front  of  Hidden 
Glacier  and  the  sea.  According  to  the  Boundary  Commission  map  of  1895  (Fig.  12), 
and  the  map  made  by  Gannett  in  1899  (PL  LXXXV,  A),  the  stream  on  the  north  side 
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was  the  largest,  but  in  1905  and  1906  the  stream  issuing  from  the  south  margin  of  the 
glacier  was  many  times  larger  than  that  from  the  northern  margin. 

A  possible  explanation  of  this  condition  is  suggested  by  a  photograph  from  the  north 
side  of  the  valley  made  by  Gilbert  in  1899.  In  this  photograph  the  surface  of  the  outwash 
gravel  plain  in  front  of  the  glacier  is  seen  to  rise  perceptibly  toward  the  south  valley  wall; 
and  above  a  part  of  its  surface,  about  a  quarter  of  a  mile  from  the  glacier  front  a  black 
area  of  irregular  form  rose  above  the  plain  (PL  LXXTT,  B).  This  black  elevated  area 
was  evidently  lateral  moraine,  a  continuation  of  the  lateral  moraine  on  the  glacier, 
rising  above  the  outwash  gravel  plain.  Neither  the  black  moraine  nor  the  rising 
outwash  gravel  was  present  in  1905.  We  assume,  therefore,  that  there  was  ice  here  in 
1899  which  before  1905  had  so  melted  away  as  to  allow  the  burial  of  the  moraine,  and 
the  development  of  a  large  glacial  stream  on  the  south  side. 

The  south  stream  emerged  in  1905  from  a  large  tunnel  beneath  an  ice  precipice 
(PL  LXXIV,  A),  boiling  out  in  great  volume  and  flowing  with  great  velocity 
(PL  LXXrV,  B)  to  the  sea.  It  was  so  clouded  with  sediment  as  to  be  yellowish-brown 
in  color,  and  was  canying  along  with  it  good-sized  pebbles  and  small  bowlders.  Ex- 
cepting near  the  sea,  this  stream  did  not  possess  any  distributaries  of  large  size  during 
the  period  of  our  observation,  differing  in  this  respect  from  the  northern  stream, 
which  divided  and  subdivided  into  many  branches.  However,  that  the  south  stream 
was  not  confined  to  a  single  channel  throughout  the  entire  season  was  made  clear  by 
the  large  numbers  of  branching  stream  courses  on  the  outwash  gravel  plain,  and  also 
by  the  entire  absence  of  vegetation  on  this  plain.  It  was  evident  that  during  the  spring 
melting  the  volume  of  both  the  south  and  north  streams  was  so  increased  that  they  sent 
branches  in  constantly-shifting  courses  over  all  parts  of  the  outwash  gravel  plain. 

The  Oviwash  Gravd  Plain.  It  is  these  streams  that  have  built  the  extensive  gravd 
plain  that  lay  between  the  glacier  and  Seal  Bay  in  1899  (PL  LXXV,  A),  1905,  and  1906. 
In  those  years  the  streams  were  actively  engaged  in  building  both  upward  and  outward, 
as  they  doubtless  had  been  for  many  years  before.  On  the  seaward  margin  the  plain 
stood  at  and  below  sea  level,  a  broad,  muddy,  tidal  flat  being  exposed  at  low  tide,  and 
shallow  water  extending  some  distance  from  the  visible  front  of  the  delta;  but  at  a 
distance  of  a  few  himdred  feet  from  low  tide  line  the  submerged  edge  of  the  delta  was 
reached,  the  front  sloping  abruptly  to  the  deep  water  that  occupied  outer  Seal  Bay. 
From  its  tidal  margin  to  its  inner  edge,  at  the  glacier  front,  the  surface  of  the  outwash 
gravel  plain,  or  valley  train,  was  for  the  most  part  smooth,  excepting  where  crossed  by 
occupied  or  abandoned  stream  channels.  The  slope  up  to  the  glacier  front  was  almost 
imperceptible  and  the  elevation  of  the  inner  portion  of  the  plain  was  only  about  150 
feet. 

The  inner  portion  of  the  outwash  gravel  plain,  close  by  the  ice  front,  presented  peculiar 
and  interesting  phenomena.  Fringing  the  glacier  front  was  a  broad  ditch,  or  fosse, 
(Fig.  13)  about  20  yards  in  width,  terminated  on  each  end  by  a  series  of  low,  hmnmocky 
ice  knolls  with  gravel  veneer,  having  the  general  appearance  of  groups  of  kame  hills, 
with  crescentic  form  paralleling  the  glacier  front.  One  wall  of  this  fosse  was  formed  by 
the  Hidden  Glacier  front  (PL  LXXV,  B),  which  rose  at  an  angle  of  about  15^.  The 
other  wall,  which  was  about  20  feet  high,  was  a  gravel-veneered  ice  cliff  with  an  angle 
of  slope  greater  than  30^.  The  presence  of  ice  in  this  wall  of  the  fosse  was  shown  in  a 
number  of  places  where  water  escaped  through  small  caves  in  the  ice  diff .    Ice  also 
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existed  on  the  floor  of  the  fosse,  thus  pro\-iDg  that  Hidden  Glacier,  apparently  ending  in 
a  clean  ice  slope  at  an  angle  of  15°  or  20°,  in  reality  extended  out  beneath  the  fosse 
and  under  the  gravel  plain.  The  presence  of  ice  even  farther  out  was  plainly  shown 
by  the  pitted  condition  of  the  outwash  gravel  plain  surface,  as  was  observed  by 
Gilbert  >  in  1899  before  the  fosse  had  developed;  and  it  was  exhibited  with  remarkable 
perfection  in  1905.  Some  of  the  kettles  were  small,  shallow  pits  a  few  feet  in  diameter. 
Others  were  of  large  size,  the  largest  measuring  250  feet  in  length  and  50  feet  in  width. 
The  depth  <rf  the  kettles  varied  from  1  or  2  feet  to  15  or  18  feet.  Many  of  the  kettles, 
especially  the  shallow  ones,  were  dry;  but  others,  notably  the  large  kettles,  contained 
pools  (PI.  LXXVI)  of  clear,  deep-blue  water  a  few  feet  in  depth,  the  greatest  depth 
measured  being  about  10  feet.    Alt^^ether  there  were  over  a  hundred  good-sized  pits  in 
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an  area  of  about  a  square  mile,  and  the  region  pitted  by  these  kettles  extended  fully  a 
mile  from  the  visible  glacier  front. 

The  presence  of  the  kettles  in  the  outwash  gravel  plain  was  interpreted  by  Gilbert, 
and  by  ourselves,  as  proof  of  the  presence  of  ice  beneath  the  gravels.  There  is  abundant 
evidence  to  support  this  conclusion.  In  the  first  place,  the  great  amount  of  clear,  ice- 
oold  water  emerging  from  the  kettles  could  be  accounted  for  only  by  the  melting  out  fA 
buried  ice.  Numerous  small  streams  issued  from  the  kettles,  their  clear  water  con- 
trasting strikingly  with  the  muddy  water  of  the  nearby  glacial  streams.  That  the 
kettles  were  developing  by  irregular  subsidence  of  the  surface  of  the  outwash  gravel 
plain  during  our  visit  in  1905  was  clearly  proved  by  the  abuudaut  evidence  of  faulting 
and  slumping  of  the  gravels  and  the  sliding  down  of  the  kettle  walls.  Furthennoie, 
on  the  bottom  of  some  of  the  kettles  were  deposits  of  mud  recently  made,  and  faulted 
by  subsidence  since  their  accumulation.  The  very  existence  of  the  kettles  on  the  gravel 
plain  is  indication  of  the  recency  of  their  origin,  for  the  surface  of  the  plain  was  traversed 
by  an  intricate  series  of  abandoned  cbannelways,  some  of  the  largest  with  banks  30  or 
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40  feet  apart,  and  with  a  depth  of  5  to  10  feet.  There  is  every  reason  for  believing  that 
these  channelways  had  been  occupied  by  water  derived  from  the  melting  of  the  snows 
in  the  spring  of  1905.  Further  proof  that  the  surface  of  ahnost  all  parts  of  the  gravel 
plain  was  frequently  reached  by  the  branching  glacial  streams  is  found  in  the  absence 
of  vegetation,  for  even  individual  annual  plants  were  foimd  in  only  a  few  places.  With 
such  rapid  upbuilding  of  the  plain  as  was  evidently  in  progress,  and  with  such  recent  ex- 
tension of  the  streams  over  its  surface,  it  is  inconceivable  that  kettles  could  long  remain, 
for  they  would  soon  be  destroyed  by  stream  erosion  and  by  gravel  deposition.  We 
are  convinced,  therefore,  that  the  kettles  observed  in  1905  were  in  the  main  the  result 
of  the  melting  of  the  buried  ice  in  that  single  season. 

The  presence  of  buried  ice  beneath  the  outwash  gravel  plain,  and  its  direct  connection 
with  Hidden  Glacier,  are  established  by  the  facts  observed  in  1905.  We  could  not  de- 
termine exactly  how  far  the  ice  extended,  though  the  presence  of  kettles  to  a  distance  of 
at  least  a  mile  from  the  ice  front  furnished  evidence  of  its  extension  that  far.  Beyond 
this  point  no  kettles  were  observed,  and  while  it  is  possible  that  ice  may  have  existed  fur- 
ther than  a  mile  from  the  visible  ice  front,  it  is  not  probable,  and,  if  it  did,  it  was  certainly 
veiy  thin.  The  inference  that  we  draw  from  the  facts  observed,  is  that  a  moderately- 
thick  ice  foot,  buried  beneath  the  gravels,  projected  for  approximately  a  mile  beyond  the 
visible  front  of  Hidden  Glacier,  gradually  thinning  and  disappearing.  There  was  a  con- 
tinuous diminution  in  the  size  of  kettles  and  in  the  degree  of  slumping  of  the  surface  for 
about  a  mile  from  the  ice  front.  This  of  course  may  in  part  have  been  due  to  deeper 
burial  of  the  ice  on  the  outer  portion,  but  it  was  probably  mainly  due  to  the  thinning  of 
the  ice.  It  is  a  noteworthy  fact  that  the  area  of  most  abundant  and  largest  kettles, 
which  was  within  a  quarter  of  a  mile  of  the  visible  glacier  front,  was  on  the  site  occupied 
by  the  glacier  when  Gilbert  photographed  it  in  1899. 

The  presence  of  this  buried  ice  beneath  the  gravel  plain,  and  the  evidence  of  its  direct 
connection  with  the  glacier  beneath  the  fosse,  supports  the  conclusion  reached  above 
that  Hidden  Glacier  was  not  in  active  movement  in  1905,  at  least  in  its  outermost  portion. 
It  would  have  required  only  a  very  slight  thrust  to  have  broken  the  buried  ice,  and  with 
it  the  overlying  gravel  plain.  Even  at  the  very  edge  of  the  fosse  the  gravel  showed  no 
sign  whatsoever  of  faulting,  with  the  exception  of  that  due  to  subsidence.  We  infer  from 
this  fact,  as  well  as  from  the  uncrevassed  glacier  surface  and  the  evidence  of  recession 
of  its  visible  front,  that  in  1905  the  lower  part  of  Hidden  Glacier  was  in  a  stagnant  state, 
and  that  its  recession  would  in  all  probability  have  continued,  as  in  the  past  years,  were 
it  not  for  the  absolute  change  in  conditions  brought  about  by  the  earthquakes  in  1899. 

The  manner  in  which  we  conceive  the  burial  of  the  glacier  terminus  by  the  gravels  to 
have  been  effected  is  as  follows:  In  the  early  spring  the  expanded  surface  of  Hidden 
Glacier  reached  at  least  as  far  out  as  the  west  wall  of  the  fosse,  and  probably  farther. 
With  the  coming  of  spring,  large  streams,  derived  from  melting  of  snow  upon  the  glacier 
deposited  gravel  upon  the  glacier  terminus,  thus  protecting  it  from  melting  rapidly. 
When  such  streams  waned  and  ceased  depositing,  ablation  would  proceed  more  rapidly 
upon  the  clear  ice  portion  of  the  glacier  than  upon  that  veneered  with  gravel.  In  this 
way  a  fosse  or  valley  developed  between  the  clear  and  the  gravel-veneered  ice.  A  lake 
might  form  in  such  a  depression,  ultimately  being  drained  through  moulins.  Where 
the  gravel  was  thinnest,  that  is  nearest  the  glacier,  the  subsequent,  more  rapid  melting 
of  the  ice  beneath  the  gravels  resulted  in  slumping,  with  the  production  of  a  kame  moraine. 
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Farther  out  only  pits  were  formed  at  first,  being  filled  later  by  alluviation;  and  this  proc- 
ess might  go  on  for  years.  The  ultimate  kettles  upon  the  pitted  plain  would  be  those 
due  to  the  melting  of  the  last  isolated  renmants  of  the  buried  glacier  that  were  not  filled 
by  the  last  alluviation. 

The  outwash  gravel  plain  built  in  front  of  the  Hidden  Glacier  furnishes  an  excellent 
example  of  a  deposit  conmion  in  regions  of  Pleistocene  glaciation  in  Europe  and  America, 
but  here  in  actual  process  of  formation.  The  significance  of  the  phenomena  observed 
in  this  valley  in  1905  will  be  apparent  to  students  of  Pleistocene  glacial  deposits.  If  the 
ice  had  all  melted  away  in  1905  there  would  have  developed  a  crescentic  kame  moraine 
area  with  an  ice-contact  face  toward  the  glacier  and  with  a  sloping  outwash  gravel  plain 
toward  the  sea,  pitted  by  numerous  kettles.  The  stream  channels  on  the  plain  would 
extend  up  to  where  the  glacier  front  stood  in  1905.    Many  of  the  kettles  would  be  filled. 

Recession  Between  1899  and  1905,  The  photographs  and  map  made  by  the  Harriman 
Expedition  in  1899  give  a  basis  for  fairly  exact  comparisons  of  the  conditions  in  1899 
and  1905.  In  some  cases  it  was  possible  to  occupy  the  exact  sites  of  Gilbert's  1899 
pictures  (PI.  LXXVII) ;  in  other  cases  the  approximate  position  could  be  located.  In 
the  interval  of  six  years  there  was  a  recession  of  the  Hidden  Glacier  front  of  more  than  a 
quarter  of  a  mile.  There  was  evidently  at  the  same  time  a  change  in  position  of  the 
most  projecting  part  of  the  visible  ice  front,  for  Gannett's  map  shows  the  outermost 
point  close  to  the  south  wall  of  the  valley,  whereas  in  1905  the  glacier  projected  most 
near  its  center.  There  was  also  a  change  in  the  point  of  emergence  of  the  largest 
glacial  stream,  as  already  stated.  The  lateral  moraine  on  the  south  side  was  more  pro* 
noimced  in  1905  than  in  1899,  but  this  fact  b  probably  only  partly  due  to  continued 
recession,  for  our  visit  was  about  a  month  later  in  the  season  than  Gilbert's,  and 
naturally  by  that  time  summer  ablation  would  have  brought  the  moraine  into  greater 
relief. 

Earlier  Recession.  Prior  to  1899  we  have  no  sufficiently  accurate  basis  for  determining 
the  position  of  the  Hidden  Glacier  front,  though  the  Canadian  Boundary  Conmiission 
map,  based  upon  observations  in  1895,  and  Russell's  name  Hidden  Glacier,  given  in  1891, 
both  indicate  that  the  glacier  front  was  in  those  years  well  back  within  the  moimtain 
valley.  The  glacier  was  less  than  1}  miles  from  the  fiord  on  the  1895  map,  and,  if  this 
is  accurate,  it  retreated  about  500  feet  between  1895  and  1899.  However,  that  Hidden 
Glacier  had  recently  been  much  more  extensive  than  in  1899  was  clearly  proved  by  a 
number  of  facts,  notably  the  pronounced  grooving  and  fluting  of  the  moimtain  slopes, 
to  an  elevation  of  1000  or  1500  feet,  of  such  recent  date  that  weathering  had  not  notably 
erased  it;  the  general  absence  of  vegetation  on  the  lower  valley  slopes  and  the  entire 
absence  of  alder  thickets;  and  the  presence  of  overridden  gravels. 

The  north  side  of  Hidden  Glacier  valley,  which  has  not  been  as  greatly  oversteepened 
by  glacial  erosion  as  the  south  side,  had  in  1899  and  1905  a  series  of  gravel  deposits  ex- 
tending two  or  three  hundred  feet  above  the  outwash  plain  and  down  the  valley  for  a 
mile  and  a  half.  The  gravel  surface  was  sculptured  in  indistinct,  westward-descending 
terraces,  and  stream  cuts  showed  excellent  stratification  with  fragments  of  trees  among 
the  gravels. 

The  north  end  of  the  glacier  rested  upon  these  gravels  (PI.  LXXX,  B),  the  glacier 
surface  sloping  10^  to  15^  westward  and  the  gravel  surface  about  5^  southeastward,  or 
toward  the  centre  of  the  glacier,  causing  the  ice  to  wedge  out  into  a  thin  edge.    It  was 
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thus  visibly  demonstrable  that  the  glacier  had  overridden  the  gravels,  eroding  them, 
as  shown  by  the  broadly-truncated  stratification  of  the  gravel,  and  with  erosion  most 
pronounced  in  the  centre  of  the  valley  because  the  eroded  surface  sloped  that  way* 
Gilbert  had  detected  the  overriding  of  these  gravels  in  1899,^  before  recession  had 
revealed  the  site  where  the  glacier  itself  rested  on  the  gravels  in  1905  (PL  LXXVIII,  A), 
observing  the  smooth  curves  eroded  by  flowing  ice,  truncating  stratified  gravel  deposits. 
He  also  noted  the  fact,  which  we  likewise  observed,  that  there  was  a  veneer  of  till  and 
scattered  erratic  blocks  resting  on  the  surface  of  the  truncated  gravels.  The  overridden 
gravels  extend  outside  of  Hidden  Glacier  valley  far  down  into  Russell  Fiord,  proving 
a  former  great  extension  of  the  glacier,  during  whose  advance  erosion  had  sculptured 
but  not  removed  gravels  of  earlier  deposit. 

In  1905  a  stagnant,  outlying  mass  of  moraine-protected  ice  lay  upon  the  gravels  over 
an  eighth  of  a  mile  from  the  glacier,  showing  gradations  of  kame  topography,  with  various 
stages  of  melting  according  to  the  distance  from  the  main  glacier.  It  was  a  lateral  mo- 
raine mass  whose  melting  would  later  produce  a  superposition  of  hummocky  topography 
upon  earlier,  ice-eroded  gravels. 

Thus  in  1905  the  terminus  of  Hidden  Glacier  showed  clearly  the  two  interesting 
phenomena  of  a  glacier  margin  resting  upon  old  gravels  which  were  sculptured  but  not 
wholly  removed,  and  the  middle  of  a  glacier  with  its  terminus  buried  beneath  modem 
gravels  which  were  still  being  deposited  upon  it. 

Condition  in  1906.  The  recession  of  Hidden  Glacier  from  its  former  advanced  position^ 
concerning  which  we  have  specific  evidence  between  1899  and  1905,  continued  at  least 
until  June,  1906.  At  that  time  the  Geological  Survey  party  visited  Seal  Bay  and  took 
a  photograph  of  the  Hidden  Glacier  from  near  its  mouth,  but  seeing  that  the  glacier  was 
in  essentially  the  same  position  and  condition  as  in  1905,  and  having  other  objects  in 
view  for  the  season's  work,  no  further  study  was  given  Hidden  Glacier  at  that  time. 

Condition  in  1909.  On  July  10,  1909,  when  the  National  Geographic  Society  party 
rounded  the  point  which  forms  the  north  side  of  Seal  Bay,  the  formerly  Hidden  Glacier 
burst  upon  our  view  with  an  ice  front  so  high  and  so  near  that  at  first  we  thought  it  had 
become  tidal  (PL  LXXYHI,  B).  It  no  longer  deserved  the  name  Hidden,  for  it  boldly 
projected  out  in  its  valley  so  far  that  it  formed  a  prominent  feature  in  the  landscape 
from  all  points  of  view  where  one  could  look  into  Seal  Bay.  Hidden  Glacier,  stagnant 
in  1899,  1905,  and  as  late  as  July  6,  1906,  and  showing  striking  evidence  of  notable 
recession  between  1899  and  1905,  had  suddenly  changed  its  condition,  and  between  July 
6, 1906,  and  July  10, 1909,  had  pushed  its  front  forward  fully  two  miles,  and  to  within 
a  little  over  a  quarter  of  a  mile  of  the  sea.  Where  the  ice  front  stood  in  1905  and 
1906  there  was  a  thickness  of  about  eleven  hundred  feet  of  ice  in  1909  (Fig.  14),  as 
shown  on  our  detailed  topographic  map  (Map  5).  Our  most  important  photogn4)hic 
sites,  selected  in  1905  for  the  purpose  of  showing  changes  in  the  glacier  front  as  it  con- 
tinued to  recede,  were  deeply  buried  beneath  the  glacier.  The  formerly-overridden 
gravel  terraces  were  covered  by  ice  and  the  glacier  had  completely  overridden  the 
pitted  outwash  gravel  plain  (PL  LXXXV).  Its  front  lay  nearly  a  mile  beyond  the 
outermost  limit  of  kettle  development  in  1905. 

Two  of  our  photographic  sites  of  previous  years  could  be  reoccupied  because  they  lay 
far  enough  down  the  valley  to  be  beyond  the  reach  of  the  advancing  ice  front.    One  of 

1  Gilbert,  G.  K.,  Glacien  and  Gladation,  Hanriman  Alaska  Expeditiao,  Vol.  8,  1904^  p.  M. 
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these  sites  was  on  a  low  knoll,  about  200  feet  above  the  sea,  and  very  near  the  outer  edge 
of  the  outwash  gravel  plain.  In  the  picture  of  July  26,  1905,  from  this  site  the  glacier 
front  is  distant  and  ice  occupies  only  a  very  small  fraction  of  the  entire  picture,  all  the 
foreground  for  two  miles  being  outwash  gravel  plain.  In  the  picture  of  July  10,  1909, 
from  the  same  site,  on  the  other  hand,  the  glacier  dominates  the  view  (PI.  LXXIX,  A), 
and  the  outwash  gravel  plain  occupies  only  a  narrow  strip.  Between  two  and  three 
square  miles  of  ice,  with  an  average  depth  of  several  hundred  feet,  has  been  added  in 
this  picture.  No  less  striking  is  the  difference  in  appearance  of  the  Hidden  Glacier 
valley  in  the  two  photographs  from  the  same  site  on  the  alluvial  fan  at  the  outermost 
part  of  the  outwash  gravel  plain,  one  taken  July  6, 1906  (PL  LXXX,  A),  and  the  other 
July  10,  1909.  In  the  latter  picture  the  ice  front  is  near  at  hand  and  the  glacier  is  so 
large  that  it  was  impossible  to  show  it  on  a  single  5x7  plate,  whereas  in  the  1906  photo- 
graph the  glacier  front  extends  only  about  a  fourth  of  the  way  across  the  picture. 
Such  a  sudden  and  enormous  change  in  the  position  of  the  glacier  front  in  so  brief  a 
time  is,  so  far  as  we  know,  without  recorded  parallel.  Accustomed  as  we  were  by  this 
time  to  such  transformations  of  glaciers,  the  change  in  the  Hidden  Glacier  seemed  to  us 
almost  incredible,  even  as  we  looked  upon  it  with  our  own  earlier  photographs  in  our 
hands. 

The  surface  of  the  glacier  contrasted  as  strikingly  with  its  1905  condition  as  did  the 
position  of  its  front.  From  the  very  outer  edge,  back  as  far  as  we  could  see  up  the  glacier 
valley,  and  from  one  side  to  the  other,  the  ice  surface  was  rough  and  broken,  forming  a 
striking  contrast  to  the  smooth,  unbroken  surface  of  1899, 1905,  and  1906.  The  iough-> 
ness,  though  great,  was  not  of  the  same  character  as  that  presented  by  the  Atrevida, 
Variegated,  Haenke,  and  Marvine  Glaciers  in  1906,  and  by  the  Lucia  Glacier  in  1909. 
In  these  cases  the  ice  was  so  broken,  there  were  so  many  pinnacles,  and  such  a  mass  of 
yawning  crevasses,  that  the  glaciers  were  impassable;  but  in  the  Hidden  Glacier  the  ir^ 
regularities  were  all  rounded  (PL  LXXXI)  and  it  is  dear  that  there  had  been  not  only  a 
breaking  of  the  surface,  but,  as  in  the  case  of  the  Variegated  Glacier  in  its  1909  con- 
dition, a  subsequent  healing  as  well.  Although  exceedingly  rough,  and  with  numerous 
crevasses,  it  seemed  to  us  from  the  view  which  we  obtained  on  the  north  side  at  an 
elevation  of  600  feet,  where  we  could  look  over  the  broken  surface,  that  it  would  be 
possible  to  traverse  it  in  almost  any  part,  though  there  were  areas  of  excessive  crevassing 
which  would  undoubtedly  make  necessary  the  exercise  of  great  care.  We  walked  over 
portions  of  the  northern  margin  and  the  lower  end  of  the  glacier  in  order  to  satisfy  our- 
selves as  to  the  exact  conditions  from  near  at  hand,  and  what  was  observed  there 
seemed  to  be  a  duplication  of  the  conditions  throughout  most  of  the  visible  glacier  sur- 
face. These  parts  of  the  glacier  surface  were  made  up  of  a  series  of  huge  swells,  with 
somewhat  sharp)ened  crests,  rising  from  20  to  50  feet  above  the  broad  depressions 
between  them  and  giving  to  the  surface  an  undulation  strikingly  in  contrast  with  the 
regularity  and  smoothness  in  1905.  Everywhere  along  the  margin  of  the  glacier,  the  ice 
was  badly  cracked  and  seamed,  showing  the  great  strain  to  which  it  has  been  sub- 
jected; and,  in  addition,  the  surface  was  interrupted  by  innumerable  crevasses,  some  of 
them  of  considerable  depth,  so  that  in  crossing  the  glacier  it  was  necessary  to  follow  a 
winding  path  in  order  to  avoid  the  crevasses.  Everywhere  ablation  was  in  rapid 
progress  and  many  streams  were  coursing  over  the  glacier  surface,  which  had  almost 
no  morainic  veneer  to  protect  it  from  melting. 
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As  in  1899,  1905,  and  1906  the  surface  of  the  Hidden  Glacier  was  in  1909  remarkably 
free  of  debris  so  that  in  all  the  views  one  sees  mainly  clear  ice.  There  was,  in  fact,  even 
less  d6bris  than  in  previous  years,  for,  with  the  advance  of  the  glacier,  there  had  been  a 
lateral  spreading  and  a  rising  on  the  valley  side,  as  a  result  of  which  the  lateral  moraines 
had  been  destroyed.  There  was,  therefore,  an  absence  of  the  lateral  moraines  which 
formed  a  prominent  feature  of  the  glacier  margin  in  previous  years.  The  medial  moraine 
was,  however,  still  present  and  still  over  on  the  south  side  of  the  valley;  but  near  the 
terminus  it  swung  still  farther  south,  and  at  the  very  end  of  the  glacier  became  lateral. 
The  fact  that  this  medial  moraine  had  retained  its  approximate  position  furnishes  proof 
that  the  thrust  by  which  the  Hidden  Glacier  was  broken  and  pushed  forward  did  not 
come  from  the  glacier  tributary  on  the  south  by  which  this  medial  moraine  is  supplied. 
Had  there  been  such  a  thrust  from  that  glacier  this  medial  moraine  would  of  necessity 
have  been  pushed  farther  out  into  the  glacier  than  it  was  in  1905.  We  assume, 
therefore,  that  the  thrust  came  from  either  the  east  or  the  north. 

The  margins  of  the  glacier  were  examined  with  some  interest,  because  the  ice  had  sud- 
denly risen  up  over  gravel  and  rock  slopes,  from  which  ice  had  for  many  years  been  absent. 
The  two  margins  of  the  glacier  were  found  to  be  quite  different.  Along  the  northern 
margin  there  was  a  band  of  barren  moraine  200  to  300  feet  in  width,  with  no  living 
vegetation  but  with  many  fragments  of  willow,  alder  and  cottonwood.  At  its  upper 
border,  in  a  number  of  places,  there  was  a  well-defined  ridge  of  bowlders,  till,  gravel, 
and  plants  shoved  up  by  the  advance  of  the  glacier  (PL  LXXXm).  It  is  a  perfect 
illustration  of  shoved,  or  push  moraine,  and  in  places  was  faulted  and  doubly  ridged 
by  the  thrust.  It  wound  up  and  down  the  hillside  in  irregular  lobes,  often  rising 
highest  on  spurs  rather  than  in  adjacent  gullies.  The  barren  moraine  (PL  LXXXVI,  A) 
between  this  shoved  moraine  and  the  ice  shows  clearly  how  much  recession  there  had 
been  since  the  period  of  greatest  lateral  advance.  In  some  places  the  marginal  moraine 
was  distinctly  hummocky,  especially  in  places  where  the  hillside  drainage,  which  in 
earlier  years  extended  down  to  the  outwash  gravel  plain,  found  itself  interrupted  in  its 
progress  by  the  newly-established  base  level  of  the  advanced  glacier.  In  these  places 
the  sediment  which  the  hillside  drainage  was  carrying  had  in  part  been  deposited  on 
the  ice  margin,  and  in  some  places  there  were  patches  of  ice,  still  unmelted,  in  the 
barren  zone  from  which  elsewhere  the  glacier  had  completely  receded.  All  along  this 
margin  there  was  evidence  that  the  ice  was  rapidly  withdrawing,  with  a  thin  wedgelike 
edge  resting  on  the  older  till  and  gravels.  Not  all  the  barren  zone  above  the  present 
ice  margin  can  be  ascribed  to  recession  of  the  glacier,  for  some  of  it  doubtless  repre- 
sented the  position  of  lingering  snow  banks,  prevented  from  sliding  down  farther  into 
the  valley  by  the  newly-imposed  ice  barrier.  But  this  explanation  can  account  for  only 
a  few  areas  of  unusually  broad  barren  zones,  for  in  those  areas  which  lie  between  the 
ice  and  in  shoved  moraine  there  can  be  no  question  but  that  ice  extended  up  to  the 
pushed  area.  Also  in  those  portions  of  the  barren  zone  where  ice  still  remained 
beneath  gravel  deposited  by  marginal  drainage  we  have  positive  proof  that  the  barren 
zone  was  due  to  recent  occupation  by  the  glacier  itself. 

On  the  north  side  of  the  glacier  the  hillside  drainage,  now  interrupted  in  its  journey 
to  the  valley  bottom  by  the  presence  of  the  glacier,  united  with  the  waters  supplied  by 
the  melting  of  the  glacier  and  flowed  along  a  marginal  course,  in  places  flowing  under 
the  glacier  for  short  distances,  elsewhere  flowing  at  or  near  the  ice  margin.    In  one  place 
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the  marginal  stream  had  cut  a  distinct  rock  gorge  (PI.  LXXXIV),  from  2  to  8  feet  in 
depth,  contouring  the  hillside.  It  cannot  be  conceived  that  on  this  steep  moimtain 
slope  a  stream  would  follow  the  contours  for  several  hundred  feet,  unless  some  barrier 
interfered  with  its  flow  down  the  hillside.  Evidently,  therefore,  this  rock  gorge  was  the 
result  of  marginal  drainage.  We  cannot  be  certain  that  the  channel  may  not  have 
started  at  some  earlier  stage  in  a  high  level  of  Hidden  Glacier,  though  the  coincidence  of 
position  at  the  exact  margin  of  the  present  stand  of  the  glacier  would  in  that  case  be 
quite  remarkable.  The  shallowness  of  the  gorge,  and  indications  of  its  newness,  have 
led  us  to  believe  that  it  is  the  product  of  marginal  drainage  at  the  present  stand  of 
Hidden  Glacier. 

On  the  south  side  of  the  Hidden  Glacier  valley  the  mountain  walls  rise  more  abruptly, 
and  there  is  an  absence  of  gravel  slopes  such  as  exist  on  the  northern  side.  Only  for 
that  reason  the  marginal  conditions  on  the  south  side  are  quite  different  from  those  on 
the  north.  There  is  also  the  factor  of  difference  in  power  of  sunshine  on  the  two  sides 
,of  the  valley.  On  the  moderately-sloping  north  side  the  low-lying  sun  strikes  with  power, 
but  on  the  steeply-rising  south  side  the  sun's  rays  produce  little  direct  effect.  Indeed, 
at  the  mountain  base  for  a  considerable  part  of  the  day  in  sunmier  this  side  of  the  valley 
is  in  shadow.  As  a  result  of  these  different  conditions  on  the  two  sides,  there  was  as 
yet  no  marginal  valley  there,  and  the  ice  extended  with  uniform  slope  right  up  to  the 
mountain  base.  In  fact,  as  late  as  the  middle  of  July,  there  was  a  slope  upward  from 
the  ice  surface  caused  by  the  snow  banks  which  had  slid  from  the  mountain  side  down 
to  the  glacier,  which  had  not  yet  melted.  By  comparison  of  the  photographs  of  1909 
with  those  of  the  previous  years  it  became  evident  that  the  amoimt  of  snow  remaining 
on  the  mountain  slopes  just  above  the  glacier  was  much  greater  in  the  latter  year  than  in 
the  earlier  years.  The  advance  of  the  glacier  and  the  rising  of  its  surface  introduced 
a  temporary  change  in  the  local  climate.  Both  on  the  south  and  the  north  margins 
there  had  as  yet  been  too  little  ablation  to  have  brought  out  in  relief  the  lateral 
moraines  which  will  doubtless  ultimately  develop  again  on  both  sides  of  the  Hidden 
Glacier. 

The  very  front  of  the  Hidden  Glacier  sloped  moderately,  almost  to  the  edge,  with  some 
low,  d6bris-covered  ice  cones  just  back  of  it  on  the  glacier  surface,  then  ended  in  a  low 
ice  cliff  from  20  to  30  feet  in  height.  The  ice  front  projected  farthest  in  the  southern 
half  of  the  valley.  From  the  ice  front  issued  many  small  streams  and  two  good-sized 
ones,  the  larger,  as  in  1905,  issuing  from  the  south  side  very  close  to  the  valley  walL 
The  next  largest  stream  came  out  100  yards  from  the  northern  margin,  and  was  evidently 
carrying  not  only  drainage  from  the  ice,  but  also  the  marginal  drainage  of  the  north  side 
of  the  glacier  which  in  its  lower  course  flowed  through  a  tunnel  in  the  ice.  Fresh  faulting 
by  slumping  of  the  ice  surface  near  where  this  north  stream  emerged,  showed  clearly 
that  its  drainage  was  in  process  of  development,  and  the  extension  of  this  slumped  area 
towards  the  northern  margin  of  the  glacier  is  proof  of  the  direction  from  which  the  supply 
for  this  stream  was  derived.  Both  the  south  and  north  streams  flowed  out  upon  the  gravdl 
plain  in  front  of  the  glacier,  and  thence  down  to  the  sea;  but  between  these  two  streams 
there  was  a  much  smaller  stream  with  water  derived  from  a  number  of  small  streams 
issuing  from  the  steep  ice  front,  at  first  flowing  in  a  shallow  valley  parallel  to  the  ice 
front,  the  streams  from  the  two  ends  of  the  valley  finally  uniting  in  about  the  center 
of  the  glacier  and  going  to  the  sea  as  one  torrent. 
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The  southern  portion  of  this  frontal  valley  was  an  incomplete  fosse,  presumably  of  the 
same  origin  as  that  developed  in  1905  when  the  glacier  front  stood  much  farther  up 
the  valley.  The  inner  boundary  of  the  fosse  was  the  visible  glacier  front,  the  outer  mar^ 
gin  a  sloping  gravel  terrace  with  a  low,  imdulating  slope  toward  the  fosse  and  a  grad- 
ual descent  of  its  surface  toward  Seal  Bay.  The  apex  of  the  terrace  was  toward  the 
large  south  stream  and  was  evidently  an  alluvial  fan  of  that  stream,  probably  built  in 
the  spring.  Between  the  southern  edge  of  the  fosse  and  the  glacier  there  was  a  low 
morainic  mass  which  was  slumping  rapidly.  This  extended  northward  along  almost 
the  entire  glacier  front,  but  grew  lower  and  had  less  pronoimced  form  toward  the  north. 
Throughout  its  entire  length  this  hunmiocky  area  had  ice  beneath  it,  and  the  hummocks 
rose  from  5  to  £5  feet. 

The  alluvial  fan  terrace  just  described  had  numerous  small,  diy  kettles,  and  just  in 
front  of  the  ice,  and  for  some  distance  northward  there  were  also  kettles,  some  contain- 
ing water.  Ice  was  revealed  in  the  southern  side  of  the  pitted  alluvial  fan  where  it  was 
cut  into  by  a  swing  of  the  large  glacier  stream.  That  it  was  an  alluvial  fan,  built  on  the 
outer  edge  of  the  glacier  during  the  period  of  spring  melting  was  indicated  by  the  presence 
of  numerous  channelways  upon  it,  pointing  toward  the  apex  of  the  fan  and,  therefore^ 
toward  the  south  glacier  stream  which  built  it.  From  the  conditions  on  and  in  this  fan 
we  find  complete  verification  of  the  explanation  previously  given  of  the  pitted  outwash 
gravel  plain  which  existed  farther  up  the  valley  in  1905.  In  that  year  the  process  of 
burial  of  the  glacier  terminus  was  not  so  clearly  demonstrable  as  in  1909,  but  of  the  190^ 
condition  there  can  be  no  doubt  as  to  the  cause.  The  steep  slope  of  the  alluvial  fan  toward 
the  north  and  west,  and  the  presence  of  numerous  channelways  extending  in  the  same 
direction,  both  pointed  clearly  to  the  source  of  the  gravel-bearing  water;  and  the  discovery 
of  ice  beneath  the  pitted  gravels  verified  by  observation  the  inference  previously  drawn 
from  the  presence  of  the  kettles,  that  they  were  the  result  of  subsidence  through  melting 
out  of  buried  ice.  In  the  1909  condition  the  aggradation  by  which  the  ice  front  was  buried 
beneath  the  gravels  was  far  less  extensive  than  in  1905,  and  the  area  occupied  was  much 
smaller,  though  otherwise  the  phenomena  were  essentially  the  same. 

Although  not  tidal  in  1909,  the  Hidden  Glacier  discharged  ice  into  Russell  Fiord.  Sev- 
eral scores  of  these  icebergs  were  afioat  in  Seal  Bay  in  July,  1909,  some  of  them  three  or 
four  feet  in  diameter.  They  had  floated  down  the  largest  glacial  stream  from  the  glacier 
front. 

A  comparison  of  maps  and  photographs  of  the  coast  of  Seal  Bay  in  1905  and  1909  shows 
that  the  northern  side  of  the  outwash  plain,  which  projected  most  in  1905,  had  grown 
almost  none  in  connection  with  this  two  mile  advance  of  the  glacier,  while  the  south  side, 
which  projected  most  in  1909,  had  grown  forward  900  or  1000  feet  since  1905.  The 
southern  side  is  the  side  where  the  largest  glacial  stream  entered  the  bay  between  1905 
and  1909.  There  are  two  photographs  showing  this  coast  from  exactly  the  same  site 
in  1905  and  1909,  and  exhibiting  this  delta  advance  graphically,  though  imfortunately 
they  cannot  be  compared  exactly  because  we  do  not  know  the  stages  of  tide  at  which 
they  were  taken. 

Interpretation  of  the  Advance.  The  condition  of  Hidden  Glacier  in  1909,  as  contrasted 
with  its  condition  in  1906,  proves  a  very  great  advance  and  breaking  of  the  glacier  during 
the  interval  of  three  years.  In  view  of  the  resemblance  of  the  phenomena  of  the  Hidden 
Glacier  to  those  observed  in  other  glaciers  of  the  region  and  of  the  brief  interval  of  time 
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involved,  there  can  be  no  doubt  but  that  this  advance  also  was  spasmodic  and  in  every 
important  respect  similar  in  character  to  the  advance  of  the  other  glaciers,  the  one  notable 
difference  being  the  much  greater  advance  of  the  front;  for  in  this  respect  Hidden  Glacier 
stands  unique  among  all  the  advancing  glaciers.  While  in  all  cases  there  was  some  ad- 
vance of  the  front,  and  in  the  Haenke  Glacier  a  notable  forward  movement,  there  was 
nothing  to  compare  with  the  remarkable  change  in  position  of  the  Hidden  Glacier  front. 
Doubtless  could  the  phenomenon  of  advance  have  been  observed  it  would  have  presented 
only  a  duplication  of  the  same  features  shown  by  the  other  glaciers;  but  it  would  have 
been  most  interesting  to  have  observed  how  rapidly  the  front  of  the  glacier  actually 
moved  forward,  and  also  to  have  seen  what  response  to  the  thrust  the  ice  buried  beneath 
the  outwash  gravel  plain  made.  Upon  these  questions,  however,  we  cannot  now  hope  to 
have  evidence. 

As  to  the  exact  time  of  the  advance  of  the  glacier  we  are  also  unable  to  make  positive 
statement.  It  is  known  to  have  come  between  July  10,  1906,  and  July  6,  1909. 
There  are  numerous  indications  that  the  advance  came  nearer  the  earlier  period  than  the 
later,  and  it  may  even  have  come  later  in  the  season  of  1906  than  the  period  of  our  visit. 
We  cannot  conceive  that  it  occurred  later  than  the  sunmier  of  1907,  for  after  the  advance 
and  breaking  were  completed,  and  before  1909,  there  had  been  enough  ablation  to  reduce 
the  crevassed,  broken  surface  of  the  advancing  glacier  to  a  passable  condition.  The  full 
season  of  1908,  and  the  first  month  or  two  of  1909,  certainly  represent  none  too  much 
time  for  as  much  healing  of  the  surface  by  ablation  as  has  taken  place.  The  surface 
was  rougher  in  1909  than  that  of  the  Variegated  Glacier,  whose  breaking  had  been  so 
neariy  completed  in  the  summer  of  1906  as  to  give  ablation  some  play  in  that  season 
while  during  1907  and  1908  ablation  doubtless  dominated  in  the  Variegated  Glacier. 
In  view  of  the  greater  roughness  of  the  surface  of  Hidden  Glacier  we  are,  therefore,  in- 
clined to  place  its  period  of  advance  after  the  close  of  the  summer  season  of  1906  and  very 
probably  before  the  period  of  melting  in  1907  had  proceeded  very  far. 

In  addition  to  the  healing  of  the  surface  by  ablation,  the  marginal  conditions  along  the 
northern  side  of  the  glacier  are  suggestive  of  the  lapse  of  a  period  of  at  least  one  or  two 
years  since  the  maximum  advance.  This  evidence  is  partly  the  notable  shrinking  of 
the  ice  from  its  most  advanced  position  on  the  northern  slopes,  and  partly  the  rock  gorge 
occupied  by  the  marginal  channel,  The  bushes  killed  by  the  advance  were  so  brittle  in 
1909  that  limbs  snapped  readily,  suggesting  that  they  had  been  overturned  as  early  as 
1906  or  1907.  The  condition  of  the  glacier  front  was  also  indicative  of  the  lapse  of  at 
least  one  full  season  since  the  advance,  for,  in  order  to  develop  the  cliffed  front  of  the 
glacier  and  the  fosse,  and  in  order  to  lower  the  frontal  slopes  sufficiently  for  the  deposit 
of  the  alluvial  fan  described  above,  would  seem  to  demand  at  least  one  complete  season 
of  ablation.  Altogether,  therefore,  although  we  cannot  state  with  definite  exactness 
the  time  at  which  the  Hidden  Glacier  advanced,  we  believe  that  the  evidence  from  abla- 
tion and  from  frontal  and  marginal  conditions  demands  that  this  period  should  be  at 
least  before  the  beginning  of  the  summer  of  1908,  and  later  than  the  autumn  of  1906, — 
that  is,  some  time  in  1907.  That  the  advance  was  rapid  and  soon  ended  is  proved  by  the 
great  change  in  position  and  condition,  for  a  very  large  part  of  the  three  years  available  is 
required  for  the  observed  healing  by  ablation.  In  other  words,  the  evidence  from  Hidden 
Glacier,  though  in  some  respects  lacking  definiteness,  is  completely  in  harmony  with  that 
furnished  by  the  other  advancing  glaciers,  about  which  we  have  more  exact  information. 
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The  rate  of  advance  cannot  be  determined  exactly,  but  the  following  tentative  compu- 
tation can  be  made.  If  it  had  taken  the  entire  period  of  a  little  less  than  three  years,  from 
July  10,  1906,  to  July  6,  1909,  for  the  ice  front  to  advance  the  two  miles,  the  rate  of  for- 
ward movement  of  the  ice  front,  ignoring  wasting  by  melting,  would  have  been  nine 
and  seven-tenths  feet  a  day,  or  faster  than  Muir  Glacier  was  moving  in  1890  when  its 
seven  feet  of  daily  movement  were  compensated  for  by  iceberg  discharge  from  the  front. 
The  two  mile  advance  of  Hidden  Glacier,  however,  we  know  to  have  occurred  not  in  three 
years,  but  probably  in  less  than  one  year  and,  judging  by  the  known  advance  of  Varie- 
gated, Haenke,  Atrevida,  and  Marvine  Glaciers,  during  a  very  few  months.  Its  rate  of 
forward  motion  must  have  been  several  times  the  nine  and  seven-tenths  rate,  and  may 
even  have  attained  a  rate  of  30  to  50  feet  a  day.  Although  we  cannot  give  the  rate  of 
advance  exactly,  it  is  easy  to  see  that  the  advance  of  Hidden  Glacier  was  far  di£Ferent 
from  normal  glacier  movements  and  may  be  spoken  of  as  a  spasmodic  rush,  or  flood. 

In  connection  with  the  recent  advance  of  Hidden  Glacier  it  is  of  interest  to  note  that 
one  of  its  through  glacier  connections  on  the  Alsek  may  also  have  commenced  to  advance 
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in  1909.  The  Boundary  Survey  party  which  ascended  the  Alsek  in  1908  reported  no 
activity  of  any  glacier  on  the  west  side  of  the  river  that  year.  About  the  first  of  August, 
1909,  however,  as  we  learned  from  the  Diy  Bay  natives,  the  Alsek  river  rose  16  or  18  feet 
on  its  delta,  maintaining  that  level  for  at  least  two  weeks.  The  waters  carried  icebergs, 
which  was  unusual,  and  big  tree  trunks,  and  forced  the  natives  to  move  from  their  village. 
This  rise  is  interpreted  as  meaning  the  crevassing  of  some  glacier  up  the  river,  and  hence 
greater  melting.  The  glacier  is  thought  to  be  one  above  the  lower  Alsek  canyon,  below 
which  no  large  trees  grow,  and  may  well  be  the  large  ice  tongue  on  the  west  bank,  next 
above  the  lower  Alsek  Canyon,  which  connects  with  the  Yakutat,  Hidden,  and  Nunatak 
Glacier  systems.  Since  equilibrium  is  disturbed  in  this  glacier  system,  as  evidenced  by 
the  two  mile  advance  of  Hidden  Glacier,  it  is  quite  likely  that  an  advance  has  also  oc- 
curred on  the  Alsek,  and  that  other  advances  may  affect  the  other  glaciers  of  Alsek  valley, 
the  Yakutat  Glacier  and  the  smaller  ice  tongues  within  the  next  year  or  two,  as  it  did 
Nunatak  Glacier  in  1910. 

Conditions  in  1910.  The  junior  author  found  in  Jime,  1910,  no  particular  changes  in 
Hidden  Glacier  since  the  year  before  except  the  continuation  of  retreat  and  thinning  by 
ablation.    The  drainage  had  not  altered  significantly. 

Detailed  studies  of  Seal  Bay,  the  submerged  continuation  of  the  Hidden  Glacier  vall^. 
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as  revealed  by  soundings,  are  considered  in  Chapter  XI.  Careful  observations  showed 
that  the  delta  advanced  1600  feet  between  1899  and  1910,  and,  as  stated  on  an  earlier 
page,  900  or  1000  feet  of  this  advance  came  between  1905  and  1909,  the  increased  rate  in 
delta  growth  during  the  later  period  doubtless  being  due  to  the  large  amount  of  alluvial 
material  supplied  during  the  two  mile  advance.  This  rapid  rate  of  growth,  145  to  225 
feet  a  year,  is  remarkable,  for  the  much  larger  Mississippi  delta  advances  only  262  feet  a 
year,  the  Danube  300  to  400  feet,  and  the  Tigris-Euphrates  seventy  feet  annually,  though 
small  glacier  streams  are  normally  much  more  heavily  loaded  with  sediment  than  the 
rivers  mentioned.  Seal  Bay  is  180  to  600  feet  deep.  This  part  of  Russell  Fiord  shoreline 
was  probably  not  uplifted  during  the  1899  earthquakes,  so  the  1600  foot  advance  cannot 
be  ascribed  to  a  change  of  level  of  the  land.  The  1600  foot  advance  of  the  Hidden  Glacier 
delta  is  shown  in  a  spectacular  way  in  Plate  LXXXH,  where  the  upper  photograph 
shows  the  Harriman  Expedition  vessel,  the  George  W,  Elder ^  anchored  in  June,  1899,  at  a 
point  shown  to  be  dry  land  in  the  lower  photograph  taken  in  Jime,  1910. 

Recession  1910  to  1913,  In  September,  1918,  the  junior  author  made  more  detailed 
observations  of  Hidden  Glacier  than  on  any  other  Yakutat  Bay  glacier  visited  by  the 
International  Geological  Congress.  The  recession  of  the  front  of  the  glacier  by  melt- 
ing was  estimated  to  be  400  to  500  feet.  The  imperfect  fosse  which  existed  in  1909 
and  1910  was  destroyed.  The  outwash  plain  in  front  of  the  glacier  was  graded  at  a 
lower  and  flatter  level  than  in  1910,  but  fragments  of  the  older  alluvial  fans  existed 
as  isolated  flattish-topped  hills.  An  abandoned  marginal  gorge,  cut  40  to  60  feet  in  the 
older  gravels  of  the  north  valley  wall,  no  longer  had  a  stream.  There  were  pits  in 
front  of  the  glacier,  showing  by  slumping  that  buried  ice  existed  on  the  site  of  the 
glacier  terminus  of  1909-10.  Icebergs  of  small  size  were  floating  down  the  larger  gla- 
cial streams  to  the  sea.  At  the  northern  margin  the  Hidden  Glacier  had  thinned  at 
least  150  feet  vertically  and  shrunk  several  hundred  yards  from  the  push  moraine  of 
the  advance  of  1907.  The  crevasses  of  the  glacier  surface  were  largely  subdued  by 
ablation.     Isolated  lateral  ice  remnants  rested  on  the  overridden  gravels. 
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Year 

Nature  and  amount  of  change 

Recorded  by 

Up  to  1891 

Probably  retreat 

Russell 

1891-1895 

Probably  continued  retreat 

Boundary  Survey 

1895-1899 

Retreat  about  500  feet 

Gilbert 

1899-1905 

Retreat  about  1300  feet 

Tarr  and  Martin 

1905-1906 

Continued  slight  retreat 

Tarr 

1906-1909 

Advance  over  10,000  feet ;  slight  retreat 

Tarr  and  Martin 

1909-1910 

Slight  retreat 

Martin 

1910-1913 

Retreat,  400-500  feet ;  thinning  150  feet 

Martin 
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Gtneral  Description.  Until  1909  we  had  not  visited  this  glacier,  though  we  knew  of  its 
existence,  partly  from  the  Canadian  Boundary  Commission  map,^  and  partly  from  visiting 
the  large,  milky  glacial  stream  which  issues  from  it  and  enters  the  head  of  Russell  Fiord. 
It  was  photographed  and  roughly  mapped  by  the  Canadian  topographers  in  1895  and  was 
wdl  known  to  the  prospectors  who  crossed  it  in  1898,  and  in  smaller  numbers  almost 
eveiy  year  since;  but  they  have  left  us  no  description  of  the  conditions  which  they  en- 
countered in  their  journeys  over  its  surface,  except  the  inference  that,  being  passable,  it 
was  not  greatly  crevassed.  They  went  over  this  glacier  highway  in  sufficient  numbers 
in  1898  to  warrant  the  establishment  of  a  store  on  the  shores  of  Russell  Fiord  near  the 
point  where  the  glacial  stream  emerges,  relics  of  which  are  still  to  be  seen.  Blackwelder 
saw  the  glacier  in  1906  from  a  mountain  spur  some  miles  south,  noting  the  moraines  upon 
its  surface  and  suggesting  a  new  name  (Beasley  Glacier)  instead  of  the  one  generally 
used.  This  name*  has  recently  been  discarded  by  the  U.  S.  Geographic  Board  for  reasons 
stated  in  Chapter  U.  The  glacier  was  mapped  more  accurately  and  photographed  from 
peaks  on  three  sides  by  the  Boundary  Survey  party  in  charge  of  Fremont  Morse  in  1906» 
and  the  sketch  map  of  the  glacier  (Fig.  15)  is  reproduced  from  their  unpublished  map. 

The  Fourth  Glacier  is  fed  by  at  least  four  short  tributaries,  each  about  St\  to  S.  miles 
long,  that  unite  to  form  the  trunk  glacier  (PL  LXXXVI,  B),  which  has  a  length  of  8} 
miles,  a  width  of  over  a  mile,  and  terminates  approximately  500  feet  above  sea  level,  three 
or  four  miles  east  of  Russell  Fiord.  The  two  Boundary  Survey  maps  show  it  as  a  throu^ 
glacier  connected  with  the  upper  portions  of  the  Hidden  and  Yidnitat  glaciers,  ^diich  in 
turn  connect  with  glaciers  descending  to  the  Alsek  valley.  The  through  glacier  divides 
between  it  and  Hidden  Glacier  rise  8880  and  8750  feet  respectively,  that  to  Yakutat 
Glacier  about  8500  feet.  Over  this  latter  pass  prospectors  state  that  one  could  start 
at  the  terminus  of  the  Fourth  Glacier  and  find  open,  ice-filled  valleys  over  which 
sledging  is  not  difficult,  across  various  divides,  and  down  different  glaciers  into  the 
Alsek  Valley.  Fourth  Glacier  thus  has  complex  relations  with  other  glaciers,  because 
these  coast  mountains  receive  such  heavy  snowfall  that  the  valleys  are  drowned  in  ice, 
forming  a  network  of  through  glaciers. 

Observations  in  1909.  That  part  of  the  Fourth  Glacier  which  lies  within  the  range  of 
our  observation  is  the  lower  two  or  three  miles,  or  below  where  the  tributaries  from  the 
direction  of  Hidden  Glacier  unite  with  those  from  the  east.  In  the  upper  portion  of  this 
observed  section  the  glacier  emerges  from  a  broad  valley  enclosed  in  mountains  of  no  great 
height,  which  because  of  the  fact  that  they  face  the  ocean,  and  lie  not  far  from  it,  do  not 
bear  a  heavy  burden  of  snow.  Farther  back  the  moimtains  rise  higher  and  the  snow 
cover  is  more  extensive.  The  outer  portion  of  the  glacier  is  made  by  the  imion  of  two 
pairs  of  arms,  and  photographs  show  three  medial  moraines  that  are  formed  by  lateral 
moraines  from  these  tributaries.  Above  the  terminus  of  the  glacier  two  medial  moraines 
swing  over  to  the  eastern  margin  and  become  lateral,  the  one  on  the  east  side  being  light- 
colored  and  that  on  the  left  dark-colored.  A  narrower  medial  moraine  maintains  a  posi- 
tion near  the  east  side.' 

>  Atlas  of  Award,  Alaskan  Boundary  Tribunal,  Sheet  21. 
t  Blackwelder,  E.,  Joum.  GeoL.  Vol.  XV.  1907,  pp.  417-418. 

*  A  medial  moraine  shown  in  the  Boundary  Survey  photograph  swings  over  to  the  west  side;  but  we  have  no 
luiowledge  of  its  origin  or  rdationships. 
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Photogi^h  from  Station  G  (Map  1). 
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Plate  LXIX 


A.     Cascadtnq  Gi^cier  fbou  the  Nunatak 
Shumng  haDging-va[Jey  randilions,  the  csscadinfl  of  >(^  from  ledge  to  ledge,  am]  the  ice 
KuIpturiDg  of  the  steepened  valley  slope,  down  whieh  the  water  from  the  melting  Ice  runs  in 
numerous  roursrs  nn  the  face  cif  the  roek  (dark  bands)  without  forming  valleys.     Photograph 
taken  July  H,  1905 


B.    Front  or  Hidden  Giacteb  in  1899 
OutnB«h  plain  in  foreground.     Photograph  by  G.  K.  Gilbert. 


Plate  L\X]\ 


B.    Glacial  ^^tream  on  ^utu  Side  of  Vai.u:t  Train  or  Hidden  Gi 


Plate  LXXV 


A.    Th£  Outwash  Plain  or  Hidden  Glacier  in  1690 
Photograph  (rom  SUtion  C  (Map  5),  by  G.  K.  Gilbert. 


B.     \'iew  LiM>Ki.s- 
Hiiidcn  Glacier  on  rif(ht;  li.w  gravel-i'cncpreii  ice  cliff  cm  left, » 

The  glader  is  conlinvious  acnss  Ihc  fcjs "      " 

Photograph  taken  July  tO.  1905. 


PUTE  LXXVIl 


Note  pninoiincTil  r«tssi 
foreground.  hanitinR  vulley  < 
front  on  site  uf  glacier  cnil  i 


B.     End  of  Middf.n  Glacier  in  W05 

n.    Glacier'terniinus  barely  sliowa  on  extreme  left.    Northern  stream  it 
I  south  side  of  valley,  glacier  end  just  to  left  of  fosse,  and  gravd  plain  ii 


A.    Hidden  Gi^oer  i\-  1900 
]1iot<iKrai>hiil  tnim  Statlim  A  (Map  5),  bftore  tlii-  two-mile  advai 
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From  the  point  of  junction  of  the  tributaries  down  to  tlie  glacier  terminus  the  Fourth 
Glacier  has  a  remarkably  smooth  suriace  over  which  one  could  travel  with  ease  in  any 
direction.    In  smoothness  it  reminds  us  of  the  Hidden  and  Variegated  Glaciers  in  1905. 


Fio.  IS.    FouBTH  GudEB  IN  1B06,  BT  Ca: 


It  resembles  Hidden  Glacier  also  in  the  general  absence  of  moraine  cover,  but  in  this 
respect  it  is  widely  different  from  the  Variegated  Glacier.  Except  for  the  lateral  moraine 
on  each  margin  of  the  glacier  near  the  terminus,  and  the  small  medial  moraine  near  the 
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MJf  ^Ipu  aad  A  final  mka  of 
Crooi  dA»  tibd  it  jppeafs 

to  fons  a 

Hie  lai^e  im^i0MiMm  of  dear  ice  m  Ike  Foortli  daoer,  wUek 
dMioK  of  the  Hiddn,  Xnatak.  Ona^  HdUiaid,  mad  Ti 
to  the  dAfMHcurfqed  nafaecs  of  sndb  giwiri*  as  the  Batkr, 
Atfrivla  aad  Loda,  pvcaeotft  aa  intcicstmg  problem.  Wlydioald 
hate  the  eonMfitioo  iDostnted  m  the  Fourth  GhMier  mad  othos  the 
the  AtieWda?  la  wrkimg  to  amver  thb  qoestioa  fiiijmiieji 
to  knov' more  aboat  the  iqiper  iee  eoBffitioiis  m  the  lai^er  ^acie^ 
mt^  atihrtiy  moving.  Eke  the  Hdbhaid,  or  damiy  moting;  Eke  the  imugiaaaed  Fomrth 
Gfaeier,  ItistobenotedJhoaReirer^thatftbthelaiyrglacierithathaTetheleaataM^ 
of  dayri»-eo^er.  It  b  poanble  that  the  abacnee  of  (tOas  b  depcndcBt  apon  the  fafcad^ 
of  the  Tafky,  bot  imder  normal  eomfitioiis  the  breadth  of  sodi  a  TaHqr  shooU 
ia  the  upper  povtionai  so  that  from  the  tiflwrtaiy  jumuc«»  at  least,  sodi  faugeqi 
of  dAris  would  be  supplied  that  it  woold  form  an  ablation 
glaeiercnd.  The  mere  sise  of  the  rallej  in  whidi  the  giader  ends  does  not,  thereforew 
■  ■iillirif  nf  fTplinifion  af  fhr  ■barnrr  of  ■Mutinn  mnr ■inr  in  i  n  jinn  win  n  wi  laa^ 
hare  such  cxtensiTe  morainic  oorcr.  Qnltr  ^^^  hypotbeais  oecms  to  as  whidk 
sattffactorily  eaqilains  aD  the  oooditioos,  aad  this  is  that  sodi  giairis  as  the  Foarth, 
Hidden,  and  Orange,  ahhoogh  large,  receive  their  main  snow  aad  dAiis  sopp^,  aoC  from 
the  onion  of  numerous  smaD  tributaries  deoending  throogfa  narrow  mnnntain  TaDegrs, 
but  from  snowfsO  nptm  broad  ice  divides  aad  the  avalandiing  cl  snow  aad  rock  on  the 
mountain  sides  whidi  enclose  thoK  throng  ^aciers,  with,  (yf  course,  the  additloo  of  a^^ 
smaO,  short,  relatively  ineffective  tributaries  at  the  casrading  type.  By  this  frphnafion 
it  would  seem  impossible  for  dd>ris  to  extend  in  large  quantities  far  ^ntm^  out  orer  the 
ice  to  f  urmsh  the  material  for  a  continuous  cover  of  ablation  moraine,  while  in  soch  narrow 
valley  leaders  as  the  Atrevida,  dd>ris  would  find  its  way  out  even  to  the  center  c{  the 
glacier.  The  absence  at  dd>ris-cover  on  sodi  active,  clear-ice  glades  as  the  Hubbard, 
to  which  many  narrow  valley  glacier  tributaries  doubtless  contribute  ice,  may  be  doe  to 
the  failure  of  ablation  to  lower  the  broken  surface  far  enoo^  to  concentrate  the  dAris 
by  the  time  the  iceberg-discharging  sea  cliff  is  reached. 

Three  facts  indicate  that  the  Fourth  Glacier  is  not  now  in  a  very  active  stage.  These 
are,  finvt,  iti  smoothness,  second  the  fact  that  its  front  does  not  extend  to  the  mouth  of 
the  mountain  valley,  and  third,  the  evidence  that  it  is  now  rapidly  receding.  Its  front 
lies  well  within  the  mouth  of  the  mountain  vaUey,  and  there  is,  therefore,  no  oppc»tunity 
for  iU  expaasion  to  form  a  piedmont  ice  bulb.  In  this  respect  Fourth  Glado'  differs 
widely  from  the  Atrevida,  Lucia,  and  Mar\ine  and  other  tributaries  of  the  Malaspina 
Gla/rier. 

From  the  front  of  the  Fourth  Glader  two  small  streams  emerge,  one  from  dther  side. 
These  flow  along  the  front  and  join  a  large  stream  which  issues  near  the  center.  This 
medial  stream  course  is  determined  by  a  depression  between  the  steeply-sloping  alluvial 
fans  whi^:h  were  constructed  during  a  recent  stage  when  the  marginal  drainage  pursued 
a  course  down  each  side  of  the  valley.  In  the  depression  Beasley  Creek  is  building  a 
small  alluvial  fan.     It  then  flows  along  the  east  side  of  the  mountain  vaUey  to  the  mouth 
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and  turns  westward,  finally  entering  the  head  of  Russell  Fiord.  A  similar  series  of 
stream  channels,  now  abandoned,  show  where  an  outlet  formerly  went  down  the  west 
side  of  the  valley,  and  between  that  course  and  Beasley  Creek  is  a  high  wooded  hill  of 
dissected  outwash  gravels,  rising  to  considerable  height  on  the  end  nearest  the  glacier 
front  (PI.  LXXXVIII). 

The  clear  ice  of  the  glacier  projects  farthest  in  the  center  of  the  valley,  at  the  point 
where  the  stream  passes  down  the  depression  between  the  bordering  alluvial  fans.  On 
the  very  outermost  portion  of  this  point  is  some  debris,  staining  the  surface  and  forming 
debris  cones  and  ridges.  Beyond  this,  in  front  of  the  apparent  end  of  the  glacier,  is  a 
border  of  hunmiocky,  debris-covered  ice  (PI.  LXXXVII)  with  many  hollows  in  which 
water  stands.  Kettles,  recent  cracks,  and  pools  of  cold  water  show  that  the  buried  ice 
extends  between  seven  and  eight  hundred  feet  in  front  of  the  centre  of  the  apparent 
end  of  the  glacier.  The  d6bris-covering  of  this  outlying  portion  of  the  glacier  is  in  large 
part  gravel,  laid  down  by  deposit  from  the  glacial  streams.  D6bris-covered  ice  also 
projects  beyond  the  front  on  both  the  margins  of  the  glacier,  where  the  lateral  moraines 
give  a  covering  which  has  checked  recession.  It  is  possible  that  ice  also  exists  beneath 
the  alluvial  fans  on  the  two  margins  of  the  valley,  but  no  evidence  of  this  was  dis- 
covered. 

The  d6bris-covered  marginal  and  frontal  portions  just  described  form  a  part  of  the 
evidence  of  recent  notable  recession.  Absence  of  vegetation  both  on  the  mountain  side 
above  the  glacier  and  in  the  fiat  in  front  of  it,  give  further  evidence  of  prolonged  recession. 
The  barren  zone  above  the  ice  extends  to  a  height  of  from  50  to  100  feet.  Above  this  are 
found  alder  thickets,  and  on  the  west  side  at  a  still  greater  elevation,  above  800  feet, 
there  is  spruce  growth.  This  spruce  is  mature  and  it  therefore  appears  that,  although  the 
glacier  is  now  receding  and  has  been  doing  so  for  some  time,  it  has  not  expanded  more  than 
300  feet  above  its  present  level  for  many  years.  At  a  distance  of  something  more  than  a 
quarter  of  a  mile  from  the  glacier  front,  alder  five  or  ten  years  old  is  growing,  and  cotton- 
wood  and  spruce  trees  have  advanced  to  within  half  a  mile  of  the  ice  front. 

These  facts  prove  that  the  Fourth  Glacier  has  been  slowly  receding  for  a  considerable 
time,  and  that  it  has  not  been  so  greatly  expanded  as  to  reach  beyond  its  mountain  valley 
for  many  years,  probably  for  more  than  a  half-century.  That  it  was,  at  some  earlier 
stage,  far  more  extensive  than  now,  is  made  evident  by  the  steepness  of  its  valley  walls 
and  the  presence  of  eroded  spurs  and  numerous  hanging  valleys  with  lips  from  500  to  1500 
feet  above  the  valley  bottoms.  The  steepened  slope  and  hanging  valleys  extend  down 
beyond  the  end  of  the  glacier  even  to  the  valley  mouth.  We  may,  therefore,  safely  infer 
that  during  an  earlier  stage,  probably  when  Russell  Fiord  Glacier  extended  out  on  the 
foreland,  and  Yakutat  Bay  Glacier  to  the  sea,  the  Fourth  Glacier  reached  well  out  beyond 
its  mountain  valley  and  expanded  in  a  piedmont  ice  bulb  which  perhaps  coalesced  with 
the  Russell  Fiord  Glacier.  One  piece  of  evidence  bearing  upon  this  question  of  former 
extension  of  Fourth  Glacier,  is  the  fact  that  while  the  glacier  is  not  now  bringing  crystal- 
line rocks,  but  only  sedimentaries  from  the  Yakutat  group,  the  gravels  and  bowlders  in 
the  stream  bed  beyond  the  mountain  front  include  many  crystalline  rocks.  The  inference 
from  this  fact  is  that  during  the  earlier  expanded  stage  of  the  Fourth  Glacier  it  received 
ice  supply  from  a  more  distant  source  than  now,  in  a  region  where  crystalline  rocks  form 
the  mountain  walls.  This  source  may  have  been  at  least  as  far  back  as  the  upper  reaches 
of  the  Hidden  Glacier.     In  all  probability  during  this  stage,  the  direction  of  ice  fiow  in 
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this  system  of  through  valleys  was  different  from  the  present,  and  it  is  possible  that  the 
breadth  and  flatness  of  the  high  divides  of  the  present  day  are  in  large  part  the  result  of 
the  flow  of  ice  across  the  di^'ides  from  which  the  glaciers  now  descend  in  two  directions. 

Although  we  had  not  visited  the  Fourth  Glacier  before  1909,  we  are  convinced  from  its 
present  condition  that  it  has  not  yet  been  subjected  to  a  forward  thrust  as  a  result  of  the 
influence  of  the  1889  earthquakes.  Had  it  been,  its  surface  would  have  necessarily  re* 
tained  some  evidence  of  the  former  breaking,  for  it  is  inconceivable  that  ablation  could 
have  so  reduced  the  irregularities  as  to  have  made  such  a  smooth  surface  as  the  present. 
Four  years  of  ablation  on  Variegated  Glacier  have  made  it  possible  to  agun  travel  over 
the  surface,  but  has  still  left  the  surface  so  rough  that  one  must  use  care  in  such  travel- 
ing. Granting  even  six  or  seven  years  of  ablation,  which  is  the  maximum  which  could 
possibly  be  inferred,  a  badly-broken  ice  surface  could  not  be  reduced  to  such  smoothness 
as  was  observed  on  the  Fourth  Glacier.     Further  proof  that  this  glacier  has  not  beeo 

subjected  to  a  spasmodic 
advanceof  considerable  pro- 
portions is  found  in  the  fact 
that  the  glacier  front  and 
margins  are  fringed  by  ex- 
tensive areas  from  which  the 
glacier  has  receded.  VfHh 
recent  advance  under  earth- 
quake impulse  evidence  of 
the  reverse  condition  should 
be  present  (Pl.LXXXVnD. 
We  feel  confident,  therefore, 
that  Fourth  Glacier  has  not 
yet  responded  to  the  in- 
fluence of  the  earthquake 
shocks.  It  was  not  visited 
in  1910  but  its  stream  delta 
seemed  unchanged  at  that 
time.  Prospectors  used  it  as  a  highway  in  1S98  and  1899  and  in  several  years  since, 
and  we  have  heard  no  report  of  its  being  crevassed  and  impassable  during  the  last  ten 
years  from  these  men,  some  of  whose  sledges  and  snowshoes  we  found  on  the  glader 
surface  in  1909. 

It  is  possible  that  the  Fourth  Glader  may  never  advance  under  the  earthquake  im- 
pulse, provided  its  supply  ground  did  not  receive  extensive  avalanches  in  1899,  but  about 
this  we  caimot  be  certain.  However,  from  such  indications  as  we  have  concerning  the 
conditions  under  which  Fourth  Glacier  is  supplied,  we  infer  that  it  will  ultimately  respond 
te  the  impulse.  It  is,  therefore,  one  of  the  glaciers  which  should  be  examined  in  future 
expeditions  to  the  Yakutat  Bay  region.  Two  photographic  stations  were  established 
in  1909,  from  which  future  observations  may  be  made,  and  a  sketch  map  of  the  ice  front 
and  its  surroundings  was  made  (Fig.  16).  This,  however,  should  be  understood  to  be 
merely  a  record  of  general  forms,  the  contours  not  being  determined  carefully,  and  all 
being  located  with  respect  to  a  single  aneroid  determination  of  altitude. 


Fra.  10.    Sebtcb  Hap  or  Fovbth  Gucibb  nc  1900. 
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Smaller  GLAaEBs 

Besides  the  glaciers  described  in  the  preceding  chapters  there  are  a  large  number  of 
minor  glaciers  in  the  Yakutat  Bay  region,  many  of  which  have  as  yet  received  no  names. 
Some  of  the  larger  of  these  were  named  and  briefly  described  in  the  reports  on  our  1005 
and  1906  expeditions.^  It  does  not  seem  important  to  repeat  these  descriptions  here, 
though  these  glaciers  present  many  interesting  features,  in  detail,  one  of  the  most  note- 
worthy being  the  broad  extension  of  sheets  of  ablation  moraine  over  their  lower  surfaces. 
Many  of  them  resemble  the  Galiano  and  Atrevida  Glaciers  in  this  respect,  though  they 
lack  expanded  piedmont  bulbs,  since  they  no  longer  extend  beyond  the  mountain  front. 
Some,  however,  reach  far  down  the  mountain  valleys,  and  one  or  two  almost  to  the  valley 
mouth,  ending  in  low,  undulating,  moraine-covered  surfaces,  fringed  by  barren  areas 
indicative  of  recent  recession. 

In  1909,  1910,  and  191S  we  made  no  additional  observations  upon  these  glaciers 
except  to  look  at  some  of  them  from  a  distance.  From  this  second  view,  and  from  a 
reconsideration  of  observations  and  photographs  made  in  1905,  and  in  the  light  of  the 
remarkable  changes  in  some  of  the  other  glaciers  observed  in  1906  and  1909,  we  have 
concluded  that  there  is  reason  for  believing  that  some  of  these  smaller  glaciers  had 
been  subjected  to  advance  and  breaking  between  1899  and  1905  as  a  result  of  earth- 
quake shaking.  Indications  of  this  are  best  seen  in  the  three  glaciers  on  the  west  side 
of  upper  Russell  Fiord,  namely  McCarty,  Hendrickson  and  Rasmussen  Glaciers.  In 
1905  the  lower  portions  of  the  last  two  of  these  glaciers  were  completely  covered,  from 
side  to  side,  with  ablation  moraine,  having  a  very  rough,  hummocky  surface. 
The  McCarty  Glacier  was  moderately  crevassed  but  clean  in  its  upper  and  middle 
portions  (PI.  LXXXIX,  B).  Not  then  knowing  the  signs  of  recent  advance,  which  we 
have  since  learned  to  interpret,  we  did  not  see,  in  the  conditions  of  these  glaciers,  proof  of 
recent  advance  and  breaking.  It  is  to  be  noted  also  that  we  would  not  have  detected 
evidence  of  this  even  in  the  Galiano  Glacier  were  it  not  for  the  fact  that  we  had  for  com- 
parison Russell's  photographs  and  descriptions  of  the  condition  in  1891. 

Re-examining  the  photographs  of  the  small  glaciers  mentioned,  we  find  the  ablation 
moraine  surface  to  be  rough  and  angular,  as  if  recently  broken.  It  is  noted  also  that 
there  is  complete  absence  of  vegetation  upon  these  moraine  surfaces.  This  fact  is  per- 
haps the  best  evidence  of  recent  advance,  for  the  moraine  is,  in  places,  thick  enough 
to  support  a  growth  of  vegetation,  and  there  is  abundant  alder  growth  on  the  hillsides 
above  the  glaciers.  Its  absence,  therefore,  does  not  seem  possible  of  explanation  either 
on  the  theory  of  failure  of  vegetation  to  advance  or  on  the  theory  of  prevention  of  growth 
through  undermining  and  slumping.  From  distant  views  of  these  glaciers  in  1909,  we 
convinced  ourselves  that  the  ablation  moraine  was  less  rough  than  in  1905. 

From  this  reconsideration  of  the  evidence,  in  the  light  of  subsequent  discovery  of  the 
nature  of  phenomena  to  be  expected  as  a  result  of  a  spasmodic  advance  of  glaciers,  we 
are  inclined  to  believe  that  Galiano  Glacier  was  not  the  only  small  glacier  in  this  region 
to  respond  to  the  earthquake  impulse  prior  to  1905.  How  many  glaciers  did  advance 
in  that  interval  will  probably  never  be  known,  but  it  seems  probable  that  many  of 
the  shorter  glaciers  were  subjected  to  an  advance  and  breaking  within  a  few  years  after 

>  Tarr,  R.  S.  and  Martin,  Lawrence,  Glaciers  and  Glaciation  of  Yakutat  Bay,  Alaska,  Bull.  Amer.  Geog. 
Soc.,  Vol.  XXXVm,  1906,  pp.  151,  152;  Tarr,  R.  S.,  The  Yakutot  Bay  Region,  Alaska,  Professioiial 
Paper  64,  U.  S.  Geol.  Survey,  1009,  pp.  65-68. 
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the  earthquakes  shook  down  avalanches  into  their  reservoirs.  Among  others  we  especially 
suspect  that  there  was  an  advance  of  Blossom  Island  Glacier  whose  outer,  moraine- 
covered  surface  was  very  rough  in  1906  and  whose  front  extended  far  beyond  the  moun- 
tain valley,  and  of  Hendrickson  Glacier  which  had  moraine-covered  ice  resting  upon 
overridden  gravels  in  1905,  the  moraine  being  entirely  free  from  vegetation.  McCarty 
and  Rasmussen  Glaciers  may  also  have  advanced  before  1905. 

Fallen  Glacieb 

One  of  the  most  spectacular  events  in  the  recent  glacial  history  of  the  Yakutat  Bay 
region  was  the  downfall  of  one  of  three  small  glaciers  perched  in  steeply-sloping  valleys 
on  the  west  side  of  Disenchantment  Bay.  These  three  glaciers  were  so  steeply  perched 
in  their  hanging  valleys  as  to  attract  our  attention,  and  we  were  led  to  photograph  them 
from  the  fiord  on  the  3rd  of  July,  1905,  as  had  been  done  in  1890  by  Russell,  in  1895 
by  the  boundary  surveyors,  and  in  1899  by  Gilbert.  It  happened  that  this  day,  July  3, 
1905,  was  the  last  day  in  the  existence  of  one  of  these  glaciers,  the  southermost,  which 
we  now  call  Fallen  Glacier.  This  glacier  is  estimated  to  have  had  a  length  of  approxi- 
mately a  mile,  and  was  supplied  chiefly  from  a  steep  mountain  crest  down  which  the 
snow  slid  into  a  spoon-shaped  cirque  about  halfway  down  the  slope.  From  this  amphi- 
theatre the  ice  protruded  as  a  crevassed,  cascading  tongue,  the  lower  end  lying  at  an  ele- 
vation of  about  1000  feet  above  the  fiord,  and  separated  from  it  by  an  ice-steepened 
rock  slope.  On  the  4th  of  July,  the  day  after  we  photographed  the  glacier,  the  entire 
glacier  mass  slid  out  of  its  valley  and  a  large  part  of  it  tumbled  into  the  fiord.  The 
fall  of  so  much  ice  into  the  water  started  a  water  wave  which  rose  to  a  height  of  110 
feet  on  the  shore  just  south  of  the  glacier,  breaking  off  alder  bushes  at  that  elevation. 
Three  miles  to  the  north,  near  Turner  Glacier,  the  water  wave  killed  vegetation  at  an 
elevation  of  55  feet,  and  a  wave  swept  across  the  north  end  of  Haenke  Island  at  an  ele- 
vation of  50  or  60  feet.  At  that  point  in  one  place  where  it  was  locally  concentrated, 
the  wave  washed  out  good-sized  alders  at  an  elevation  of  115  feet. 

In  addition  to  the  breaking  off  and  uprooting  of  alder  bushes,  the  wave  caused  much 
erosion  wherever  it  came  into  contact  with  unconsolidated  deposits,  cutting  small 
cliffs  and  gullies  in  the  till  and  alluvial  fans.  The  annual  plants  were  killed  up  to  the 
elevation  which  the  water  wave  reached,  and  in  succeeding  days  it  was  possible  to  trace 
the  level  to  which  the  wave  rose  by  the  zone  of  parched  brown  grass  and  other  vegeta- 
tion killed  by  the  bath  in  salt  water.  Small  icebergs  were  left  stranded  far  above  high 
tide  in  several  places,  a  number  being  found  on  the  site  where  our  camp  had  stood  on  the 
day  before  the  fall  of  the  glacier.  We  had  fortunately  moved  our  camp  a  distance  of 
about  15  miles,  to  a  new  site  in  Russell  Fiord,  where  we  were  separated  from  the  glacier 
fall  by  Osier  Island,  and  by  the  high  mountainous  point  above  it. 

At  the  time  of  the  glacier  fall  we  were  working  along  the  coast  east  of  our  camp  and 
were  surprised  by  the  appearance  of  a  series  of  waves,  which  at  first  were  ascribed  to  some 
unusuaUy  large  fall  of  icebergs  from  Hubbard  Glacier;  but  since  the  waves  increased 
in  height  until  they  finally  rose  15  or  20  feet  above  the  water  level,  and  since  they  were 
much  higher  than  any  previously  observed  iceberg  waves,  and  lasted  much  longer,  we 
inferred  that  they  must  be  the  result  of  an  earthquake,  until  the  next  day,  when  one  of 
our  native  packers,  returning  from  Yakutat,  gave  us  the  true  explanation  of  the  phe- 
nomenon.   The  native  further  stated  that  this  was  the  third  time  that  this  glacier  had 
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fallen  from  its  valley,  though  on  questioning  him  it  was  evident  that  the  tradition  re- 
ferred merely  to  the  falling  of  a  glacier  from  its  valley  on  the  west  side  of  Disenchantment 
Bay,  not  surely  this  one  each  time.  The  last  fall,  which  he  said  occurred  about  sixty 
years  before,  he  reported  to  have  destroyed  100  natives  who  at  the  time  were  encamped 
at  their  summer  sealing  camp  a  few  miles  south  of  Haenke  Island.  Fortunately  at  the 
time  of  the  1905  fall  the  natives  had  all  left  the  bay. 

By  the  avalanching  of  this  glacier,  its  valley  was  completely  emptied  of  ice,  with  the 
exception  of  a  small  renmant  of  steeply-perched  nivi  and  a  few  minor  ice  fragments 
near  the  edge  of  the  cirque.  The  walls  and  bottom  of  the  cirque  were  of  bare  rock,  and 
the  avalanche,  which  spread  out  fan-shaped  at  the  mountain  base,  had  swept  away  the 
soil,  and  for  a  width  of  half  It  mile  had  killed  the  alder  growth  which  previously  grew 
at  the  cliff  base  beneath  the  glacier.  The  larger  part  of  the  glacier  fell  into  the  fiord, 
probably  most  of  the  ice  floated  away,  while  the  loose  d£bris  sunk  to  the  bottom.  Some 
of  the  glacier  ice  remained  at  the  base  of  the  cliff,  pushing  the  coastline  outward  slightly 
and  forming  a  new  shore  line  of  angular  rock-d£bris.  That  ice  existed  beneath  this  was 
evident  from  the  fresh  faulting  and  slumping  of  the  surface  in  1905. 

In  1909  we  again  crossed  this  area  and  found  that  ice  still  existed  beneath  the  debris 
that  was  swept  out  of  the  mountain  valley  in  1905.  The  cirque  valley  of  Fallen  Glacier 
is  beginning  to  be  again  filled  with  snow,  and  the  place  of  the  former  glacier  is  now 
covered  by  one  of  the  largest  snowfields  on  this  mountain  face  (PL  LXIX).  There  has 
not  yet  been  sufficient  accummulation  of  snow  to  cause  the  redevelopment  of  the  glacier, 
but  we  have  here  the  early  stages  of  formation  of  a  new,  small,  perched  glacier  which 
may  perhaps  be  reaccununulating  to  once  more  avalanche  out  of  its  valley,  when  a 
sufficient  amount  has  gathered  here  to  again  render  its  position  unstable. 


CHAPTER  X 

THE  EARTHQUAKE  ADVANCE  THEORY 

The  PfxMtm.  The  facts  stated  in  the  previous  chapters  make  it  clear  that  the  glaciers 
of  Yakutat  Bay  have  in  recent  years  been  undergoing  a  series  of  changes  of  unusual 
character.  From  a  state  of  stagnation  a  number  of  them  have  sprung  into  sudden 
activity  and  then,  with  almost  equal  abruptness,  have  relapsed  again  into  a  state  of 
stagnation.  The  transformation  has  affected  different  glaciers  at  different  times  and 
in  different  d^pree,  and  some  of  the  glaciers  have  not  been  affected  at  all.  So  far  as  we 
know,  such  spectacular  changes  have  not  hitherto  been  recorded.  The  advance  of 
Vemagt-Femer  in  the  Tyrolese  Alps  is  a  case  analogous  to  these,  but  is  only  a  single 
instance  in  a  glaciated  region,  and  it  differs  in  notable  respects  from  the  advancing 
Yakutat  Bay  glaciers.  The  advance  of  two  glaciers  in  Icy  Fiord,  Spitsbergen,  and  the 
advance  of  glaciers  reported  from  the  Himalayas  are  too  little  known  to  offer  basis  for 
comparison.  The  solution  of  the  problem  of  the  cause  for  these  changes  must,  there- 
fore, be  based  mainly  upon  the  facts  which  the  Yakutat  Bay  region  presents. 

Upon  the  basis  of  the  comparative  observations  of  1905  and  1906  the  senior  author 
has  proposed  the  theory  of  avalanching  during  earthquake  shaking,  rather  than  increase 
of  snowfall  with  climatic  oscillations,  as  the  explanation  of  the  phenomena  of  advancing 
glaciers  in  this  region.^  The  observations  of  1909,  1910,  and  1913  add  important  and 
significant  facts  to  those  previously  observed,  and  among  these  facts  are  several  tending 
toward  the  verification  of  the  theory,  and  none  opposed  to  it.  With  these  new  facts 
we  are  in  a  position  to  more  f  uUy  discuss  this  theory  than  was  hitherto  possible.  This 
discussion  will  be  prefaced  by  a  summary  of  the  significant  facts  of  observation  which 
have  already  been  presented  in  some  detail  under  the  description  of  the  individual  glaciers. 

Summary  of  the  Phenomena.  In  recent  years,  up  to  Gilbert's  visit  in  1899,  the  general 
history  of  the  Yakutat  Bay  glaciers  had  been  one  of  recession;  and  in  most  of  them  the 
recession  continued  to  1905,  and  in  some  even  to  1913.  This  recession  was  apparently 
a  stage  in  the  withdrawal  of  the  glaciers  from  positions  to  which  they  had  readvanced 
after  a  period  of  recession  even  greater  than  the  present.  During  this  earlier  advance 
Nunatak  Glacier  had  pushed  northwestward  into  the  lower  portion  of  Russell  Fiord» 
and  also  southward  up  the  fiord  until  it  joined  the  Hidden  Glacier  and  the  united  ice 
stream  advanced  far  up  toward  the  head  of  the  fiord.  From  this  advanced  position  the 
recession  of  the  glaciers  has  been  both  rapid  and  recent,  and  in  the  case  of  the  Hidden 
Glacier  has  continued  until  1906  or  1907,  and  in  the  Nunatak  Glacier  until  1909.  It 
is  not  certain  that  this  recession  was  not  interrupted  by  halts  or  minor  advances;  but 
there  is  no  evidence  of  this,  and  certainly,  during  the  period  of  observation,  that  is 
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since  1899,  there  has  been  no  interruption  as  great  as  the  advance  of  the  Hidden 
Glacier  in  1906  or  1907. 

In  1905  evidence  was  found  to  prove  that  Galiano  Glacier  had  undergone  great  changes 
since  last  observed  and  photographed  in  1891.  Its  moraine-covered  surface  had  been 
so  broken  as  to  completely  destroy  an  alder  and  cottonwood  thicket  that  grew  on  it  in 
1890  and  1891,  but  ablation  had  healed  the  broken  surface  so  that  one  could  easily  travel 
over  it  in  1905.  There  is  some  evidence  that  the  front  of  the  ice  bulb  advanced,  and  sound 
basis  for  the  inference  that  there  was  lateral  spreading  toward  the  valley  walls,  destroy- 
ing marginal  drainage.  The  changes  in  the  glacier  condition  extended  to  a  hitherto 
undiscovered,  stagnant,  off-lying  ice  mass  on  which  an  alluvial  fan  had  been  deposited, 
and  by  the  advance  this  fan  was  destroyed  and  its  place  in  large  part  taken  by  morainic 
mounds  thrust  up  through  it.  We  have  no  means  of  positively  determining  in  which 
of  the  fourteen  years  between  1891  and  1905  these  changes  occurred  but  photographs 
make  it  certain  that  it  was  after  1895,  and  we  infer  that  it  was  in  1900  or  1901  because 
of  the  age  of  the  alder  bushes  that  have  again  begun  to  grow  on  the  moraine.  Other 
facts  indicate  recency  of  the  change,  such  for  example  as  the  imperfect  redevelopment  of 
marginal  drainage,  and  of  the  alluvial  fan  between  the  morainic  knolls.  Furthermore, 
we  are  at  a  loss  to  explain  the  transformation  of  this  glacier  on  any  other  hypothesis 
than  the  effect  of  earthquake  shaking,  and  are  forced  to  the  conclusion  that  the  advance 
is  the  result  of  a  response  to  the  shaking  during  the  earthquakes  in  September,  1899. 
The  Galiano  Glacier,  whose  response  was  so  rapid,  is  a  veiy  short  glacier,  with  steep 
valley  sides  and  head,  on  which  in  September  deep  snows  had  already  been  added  to 
the  extensive  snowfields  and  steeply-descending  glaciers.  Evidence  that  there  has 
been  extensive  avalanching  from  these  steep  slopes  was  readily  discovered  by  a  com- 
parison of  the  1891  photographs  with  the  condition  in  1905;  and  even  in  1909  the  spaces 
from  which  large  masses  of  ice  had  fallen  after  1891  were  not  yet  reoocupied  by  ice. 

It  seems  probable,  though  the  facts  do  not  conclusively  prove  it,  that  other  small 
glaciers,  similar  to  Galiano  Glacier,  had  undergone  a  like  change  a  short  time  before  the 
expedition  of  1905.  Had  we  then  had  suspicion  of  the  possibility  of  such  glacier  trans- 
formation we  might  have  discovered  evidence  which  is  now  obscured  by  ablation.  The 
glaciers  which  gave  the  best  indication  of  having  undergone  changes  similar  to  those 
of  the  Galiano  are  McCarty,  Hendrickson  and  Rasmussen  Glaciers  on  the  west  side 
of  Russell  Fiord,  and  the  Blossom  Island  Glacier  just  north  of  Blossom  Island  east  of 
Marvine  Glacier.  It  is  probable  that  some  of  the  small  glaciers  have  failed  to  show 
evidence  of  notable  response  to  earthquake  shaking  because  of  the  small  supply  of  snow 
and  ice  thrown  down  upon  them.  Of  one  such  glacier,  the  Black  Glacier,  the  one  nearest 
the  Galiano,  the  evidence  is  convincing  that  there  has  been  no  distinct  advance  of  the 
end,  no  pronounced  lateral  spreading,  nor  sufficient  breaking  of  the  surface  to  destroy 
the  alder  growth  upon  it.  Not  having  yet  advanced  as  a  result  of  the  1899  earth- 
quakes, we  assume  that  this  and  other  similar  glaciers  will  probably  not  do  so  in  the 
future. 

In  1906  four  glaciers,  the  Haenke,  Atrevida,  Variegated,  and  Marvine,  had  become 
absolutely  transformed  from  their  condition  in  1905.  Three  of  these  glaciers  are  of  about 
the  same  order,  and  it  seems  natural  that  they  should  advance  essentially  together. 
Moreover,  their  size  is  such  in  comparison  with  the  Galiano  that  it  is  not  difficult  to 
understand  why  they  should  require  so  much  longer  to  respond  to  the  earthquake 
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shaking.  The  Marvine  Glacier,  on  the  other  hand,  seems  to  be  much  larger  than  either 
of  these,  and  certainly  is  if  the  Malaspina  extension  of  Marvine  Glacier  is  included.  We 
do  not  know  what  the  conditions  are  in  its  upper  portion,  and  it  is  possible  that  the  ad- 
vance is  the  result  of  a  thrust  from  some  of  the  shorter  tributaries;  or  it  may  be  true 
that  this  glacier  is  a  steep  one,  though  broad  and  flat  where  it  emerges  from  its  moun- 
tain valley,  expanding  far  beyond  the  mountains  because  of  large  supply  grounds  at  no 
great  distance  back  in  the  mountains.  The  best  map  of  the  region  that  we  have  indicates 
that  the  latter  is  true,  and  that  the  Marvine  Glacier  is  little  if  any  longer  than  the  Varie- 
gated Glacier  and  much  shorter  than  the  Lucia  Glacier.  If  this  is  not  true,  it  is  cer- 
tainly noteworthy  that  this  glacier  should  have  advanced  as  early  as  the  Atrevida,  and 
three  years  before  the  Lucia  did.  If  we  could  depend  absolutely  on  the  map  the  question 
would  be  easily  settled. 

By  the  advance  of  these  four  glaciers  the  ice  surface  was  in  each  case  profoundly 
broken,  being  transformed  from  a  surface  over  which  one  could  easily  travel  in  1905  to 
one  which  was  utterly  impassable  in  1906.  In  at  least  two  cases,  the  Atrevida  and  Varie- 
gated Glaciers,  there  was  a  lateral  spreading  of  the  ice  within  the  mountain  valley,  closing 
up  marginal  valleys  which  had  previously  existed.  In  these  two  cases,  and  probably 
in  the  others  also,  there  was  a  pronounced  thickening  of  the  glacier  at  and  beyond  the 
mountain  valley  mouth.  Three  of  the  glaciers — the  Marvine,  Atrevida  and  Variegated 
— ^terminate  in  expanded  piedmont  bulbs,  and  in  each  of  them  the  breaking  of  the  ice 
surface  extended  into  these  ice  bulbs,  in  the  Marvine  reaching  to  the  very  outer  edge, 
but  in  the  two  others  failing  to  affect  the  outermost  parts  of  the  stagnant  ice.  From 
this  we  infer  that  the  thrust  in  the  Marvine  Glacier  was  the  most  pronounced  of  all 
and  this  inference  b  supported  by  the  further  fact  that  the  extent  of  the  area  of  broken 
ice  was  far  greater  in  the  Marvine  than  in  the  other  glaciers.  The  area  of  broken  ice 
visible  in  the  Marvine  Glacier,  and  its  continuation  in  the  eastern  lobe  of  Malaspina 
Glacier,  was  fuUy  15  miles  in  length  and  from  8  to  10  miles  wide  in  the  broadest  part; 
in  Atrevida  and  Variegated  Glaciers  the  broken  ice  occupied  an  area  whose  length  was 
between  5  and  7  miles,  with  a  breadth  of  2  or  3  miles  in  the  broadest  part.  All  four  of  the 
glaciers  advanced  along  their  fronts  and  margins,  the  greatest  advance  being  in  the  Haenke 
Glacier,  the  only  one  whose  terminus  was  confined  between  mountaiji  walls.  Here  the 
front  of  the  glacier  was  pushed  forward  nearly  a  mile  and  it  was  transformed  from  non- 
tidal  to  tidal  condition  by  the  thrust.  The  forward  motion  in  the  other  three  glaciers 
was  partly  dissipated  in  breaking  the  piedmont  area  and  partly  in  thickening  the  ice 
in  it;  but  some  of  the  thrust  was  effective  in  pushing  the  margins  of  the  piedmont  areas 
outward.  This  was  clearly  shown  in  Variegated  Glacier  by  the  overriding  of  a  granite 
gorge;  in  the  others  by  the  advance  of  the  margin  into  the  fringing  forest. 

Thus,  any  theory  which  will  account  for  the  transformation  of  these  glaciers,  must 
explain  not  only  change  from  stagnant  condition  to  activity,  and  from  smooth  to  broken 
surface,  but  also  actual  forward  movement  and  pronounced  thickening  of  the  glaciers. 
The  theory  must  also  account  for  the  suddenness  of  the  change.  At  least  three  of  the 
glaciers,  Atrevida,  Haenke,  and  Variegated,  and  probably  also  a  fourth  (the  Marvine) 
passed  through  the  complete  cycle  in  approximately  one  year.  In  the  last  of  August, 
1905,  they  showed  almost  no  evidence  of  change,  though  in  the  Atrevida  and  Marvine 
Glaciers  there  were  observed  phenomena  in  1905  that  were  later  interpreted  as  the  begin- 
ning of  the  advance;  in  June,  1906,  all  four  glaciers  were  utterly  transformed.    The 
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change  was  as  spasmodic  as  it  was  absolute,  and  we  know  of  no  better  phrase  with  which 
to  characterize  it  than  to  call  it  a  glacier  flood.  Not  only  was  the  advance  abrupt,  but 
its  termination  was  equally  so,  for  it  ceased  with  the  season  of  1906,  and  since  then  abla- 
tion has  been  at  work  healing  the  broken  ice  which  has  again  relapsed  into  a  stage  of 
stagnation.  The  theory  must,  therefore,  account  for  an  abrupt  and  absolute  cessation 
of  the  advance  as  well  as  for  the  spasmodic  advance  itself. 

Between  1899  and  1901,  and  also  between  1906  and  1909,  there  have  been  slight 
fluctuations  in  the  fronts  of  Turner  and  Hubbard  Glaciers,  which  may  be  due  to  thrusts 
from  tributaries;  but  there  has  been  no  notable  advance  of  these  great  tidal  glaciers, 
although  in  1909  Hubbard  Glacier  showed  signs  of  the  beginning  of  an  advance  which 
in  1909  we  thought  might  prove  to  be  of  importance.  Since,  however,  it  was  not  followed 
in  1910  by  a  distinct  forward  movement  we  infer  that  it  is  not  an  advance  comparable 
with  those  of  the  other  advancing  glaciers.  Between  1906  and  1909  only  one  glacier» 
the  Hidden,  suffered  advance,  probably  in  the  season  of  1907.  When  last  seen  in  early 
July,  1906,  its  terminus  was  in  the  same  smooth,  stagnant  condition  as  in  1899  and  1905; 
but  in  early  July,  1909,  its  front  was  about  two  miles  farther  down  its  valley.  There 
had  been  accompanying  spreading  on  the  margins  and  a  thickening  of  at  least  eleven 
hundred  feet  where  the  glacier  terminus  stood  in  1905.  With  the  advance  came  pro- 
found breaking  of  the  surface,  and,  succeeding  it,  ablation  in  sufficient  degree  to  render 
the  surface  passable.  Thus  the  Hidden  Glacier  has  repeated  the  phenomena  of  the 
other  advancing  glaciers,  but  the  advance  of  its  front  has  been  greater  than  that  of  any 
other.  Its  change  from  stagnant  to  active  condition  and  back  again  to  stagnation  was 
abrupt  and  all  compassed  in  a  short  time,  probably  not  over  a  year. 

In  1905  and  1906  Lucia  Glacier  showed  no  sign  of  past  change,  but  in  1909  its  moraine- 
covered  lower  portion,  and  also  the  valley  glacier  above,  was  greatly  crevassed,  there 
was  a  lateral  spreading  in  progress,  and  a  distributary  on  the  western  side  had  advanced 
notably,  while  the  ice  had  surrounded  and  piled  upon  the  northern  end  of  the  nunatak 
near  by.  There  was  evidence  that  the  advance  and  breaking  had  only  recently  begun 
and  was  still  in  progress.  The  surface  was  not  so  broken  as  the  other  glaciers,  and  the 
effect  of  the  advance  had  not  extended  so  far  out  in  the  stagnant  piedmont  bulb  as  in 
the  case  of  the  neighboring  and  contiguous  Atrevida  Glacier  in  1906.  Hubbard  Glacier 
in  1909  showed  an  even  earlier  stage  in  advance  than  Lucia  Glacier.  Its  eastern  margin 
was  newly  broken,  but  what  had  occurred  farther  out  in  the  glacier  could  not  be  told 
because  the  surface  of  this  active  glacier  has  been  severely  crevassed,  except  at  the  very 
margin,  during  the  entire  period  of  observation.  However,  the  front  of  the  glacier  had 
moved  forward  somewhat  since  1906  and  there  was  evidence  that  the  north  arm  had 
become  more  powerful.  There  was  little  additional  advance  in  this  arm  between  1909 
and  1910,  though  the  west  part  of  the  glacier  had  continued  the  slower  advance. 

In  1910  the  Nunatak  Glacier  began  to  advance  and  up  to  June  its  tidal  front  had  come 
out  700  to  1000  feet  with  some  thickening,  but,  because  confined  in  a  narrow  fiord,  with 
practically  no  lateral  spreading.  This  seems  to  have  been  the  whole  of  the  advance  and 
is  probably  to  be  ascribed  to  a  response  to  a  thrust  from  a  single  small  tributary. 


172 


ALASKAN  GLACIER  STUDIES 


Tabular  Sumbiabt  of  Advances  Since  1899  Eabthquakes 


Ytar 

o/  Aivanet 

Name  o/  daeier 

Length  of  Glacier 

After  1895  and  before  1905 
Between  1899  and  1901 

Galiano 

Miller 

1 

2  or  3  miles 
S  or  4  miles 

1905-1906 
1909-1907 

s 

Haenke 
Atrevida 
Variegated 
Marvine 

Hidden 

t 

6  or  7  miles 

Smiles 

10  miles 

10  miles  (excluding  expanded  lobe 

in  Malaspina) 
ld-17  miles 

1909 

4 

Lucia 

5 

17-18  miles 

1910 

Nunatak 

20  miles 

t  Perhaps  Hendridcson,  Rasmunen,  McCarty»  and  Blooaom  Island  Glaciers,  each  1  to  2i  miles  long. 

*  Perhaps  Turner  between  1899  and  1901»  and  Hubbard  between  1899  and  1901,  and  Hubbard  between 
1901  and  1905. 

*  Perhaps  Turner  between  1906  and  1909. 
« Northwestern  arm  of  Hubbard. 

*  South  arm  of  Hubbard. 


Generalizing  the  facts  observed  in  the  various  glaciers,  during  our  five  seasons  of 
observation,  it  may  be  said  that  certain  glaciers,  nine  certainly  and  perhaps  six  others^ 
present  evidence  of  an  abrupt  and  absolute  transformation  'v^ithin  a  short  time,  and  then^ 
in  every  case,  a  sudden  return  to  their  former  condition.  Among  the  glaciers  that  have 
advanced  there  is  a  general  agreement  between  size  of  the  glacier  and  time  of  the  advance,, 
as  shown  in  the  tabular  statement  above.  The  Galiano,  which  advanced  before  1905». 
is  one  of  the  smallest  visible  glaciers  of  the  region  and  Miller  Glacier,  which  advanced 
between  1899  and  1901, is  little  if  any  larger;  the  four  that  advanced  in  1905-6  are  larger 
than  the  Galiano  and  Miller,  though  not  among  the  largest  Yakutat  Bay  glaciers;  the 
Hidden  Glacier,  which  advanced  later,  probably  in  1907,  is  still  larger;  the  Lucia,  which 
advanced  in  1909,  is  larger  than  the  Hidden;  and  the  Nunatak,  which  advanced  in 
1910,  is  larger  than  the  Lucia.  The  one  apparent  exception  to  this  order  of  appearance 
of  the  advance  is  the  Marvine-Malaspina  Glacier,  whose  valley  portion  falls  in  its 
proper  place  in  order  of  size,  if  we  may  accept  the  map  as  correct.  Two  of  the  largest 
and  most  active  glaciers  (Turner  and  Hubbard)  have  had  no  notable  advance,  though 
there  have  been  some  fluctuations  of  their  fronts,  perhaps  representing  response  to 
thrusts  from  shorter  tributaries.  For  some  of  the  smaUer  glaciers,  we  have  no  proof  of 
an  advance;  but,  in  the  case  of  some  of  the  smaller  of  these,  this  may  be  due  to  our  failure 
to  recognize  evidence  of  an  advance  that  was  completed  before  1905;  in  other  small  gla- 
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ciers»  and  certainly  in  one,  Black  Glacier,  there  has  been  no  advance,  and  probably  will  be 
none  because  of  unfavorable  conditions  in  the  reservoirs.  The  fact  that  some  of  the  larger 
glaciers,  like  the  Seward  and  Hubbard,  have  not  yet  undergone  transformation  can 
hardly  be  due  to  this  cause;  and  it  is  reasonably  safe  to  predict  a  change  for  them  also, 
when  time  enough  has  elapsed  for  the  impulse  to  pass  from  their 'distant  reservoirs, 
through  the  long  valley  ice  streams  to  their  fronts.  When  one  of  the  large  tidal  glaciers 
responds  the  series  will  be  complete  for  this  region. 

Elsewhere  in  Alaska  there  has  been  no  analogous  transformation  of  glaciers,  so  far 
as  can  be  learned.  Such  inquiry  as  we  have  been  able  to  make  reveals  no  evidence  of 
recent  notable  change  in  the  glaciers  of  southeastern  Alaska  with  the  exception  of  Gla- 
cier Bay;  and  our  studies  to  the  northwest  of  it,  in  the  Copper  River  and  Prince  William 
Sound  regions,  and  those  of  Professor  Grant  in  the  latter  region  and  the  Kenai  Penin- 
sula, fail  to  discover  evidence  of  changes  of  like  character  in  the  glaciers  of  these  sec- 
tions. As  is  stated  in  the  chapters  describing  our  observations  in  Prince  William  Sound, 
there  have  been  some  recent  changes  in  several  of  the  glaciers,  but  nothing  that  compares 
with  the  remarkable  changes  in  the  Yakutat  Bay  region.  We  feel  warranted,  therefore, 
in  concluding  that  the  spasmodic  advance  and  absolute  transformation  of  glaciers  dur- 
ing the  past  15  years  is  a  phenomenon  of  Yakutat  Bay  and  vicinity.  That  past  changes 
of  similar  character  may  have  occurred  in  other  parts  of  Alaska  seems  probable;  and  it 
is  believed  possible  that  certain  advances  noticed  in  the  Glacier  Bay  region,  and  else- 
where in  Alaska,  are  similar  in  origin  to  the  advance  of  the  Yakutat  Bay  glaciers  but 
with  less  intense  cause,  and  consequently  with  less  spectacular  results. 

An  examination  of  the  records  of  changes  in  glaciers  in  other  regions  has  failed  to  dis- 
cover either  transformation  or  spasmodic  advance  by  a  group  of  glaciers  of  like  nature 
to  the  phenomena  of  Yakutat  Bay.  There  are  many  instances  of  forward  movements 
succeeding  periods  of  recession,  and  some  of  them  have  been  spasmodic  in  their  nature; 
but  so  far  we  have  been  unable  to  find  anything  comparable  to  the  changes  described  in 
the  preceding  chapters.  In  this  respect  the  glaciers  of  Yakutat  Bay  are  unique  among 
the  glaciers  of  the  world,  so  far  as  the  literature  which  we  have  seen  goes  to  show. 

It  is  noteworthy,  also,  that  in  September,  1899,  the  Yakutat  Bay  region  was  the 
center  of  a  series  of  earthquakes  of  great  intensity;  two  or  three  of  them  ranking  with 
the  greatest  of  recent  earthquakes.^  For  three  weeks  the  region  was  repeatedly  shaken, 
and  there  were  hundreds  of  shocks  in  all.  In  our  reports  upon  these  earthquakes  abun- 
dant evidence  has  been  presented  to  prove  that  during  the  earthquakes  there  were  fre- 
quent and  enormous  avalanches  of  snow,  ice,  and  rock.  These  avalanches  have  not 
only  been  testified  to  by  prospectors  encamped  within  Disenchantment  Bay  during  the 
earthquakes,  who  saw  and  heard  them  fall,  by  the  natives  who  report  that  certain  moun- 
tain faces  were  "completely  changed"  by  the  earthquakes,  but  by  our  own  observation 
of  exceedingly  abundant,  fresh  avalanche  scars  upon  the  mountains,  far  more  abundant 
than  in  other  mountain  regions  of  Alaska  that  were  not  severely  shaken  during  these 
earthquakes.  Comparison  of  photographs  taken  before  the  1899  earthquakes  with  those 
taken  after  it  show  conclusively  what  large  areas  of  avalanches  there  were  in  those  places. 

1  TaiT,  R.  S.  and  Martin,  Lawrence,  Recent  Changes  of  Level  in  the  Yakutat  Bay  R^on,  Alaska,  Bull. 
Geol.  Soc.  Amer.,  Vol.  17,  1906,  pp.  29-64;  Geog.  Joum.,  Vol.  XXVUI,  1906,  pp.  SO-42;  The  Earthquakes  at 
Yakutat  Bay,  Alaska,  in  September,  1899,  ProfessicDal  Paper  69,  U.  S.  Geol.  Survey,  1912;  Martin,  Lawrence, 
The  Alaskan  Earthquakes  of  1899,  Bull.  Geol.  Soc.  Amer.,  Vol.  XXI,  1910,  pp.  8S9-406. 
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In  other  parts  of  the  St.  Elias  Range,  geologists,  army  officers,  prospectors,  and  others 
saw  and  heard  many  great  avalanches  during  the  earthquakes,  although  some  of  these 
observers  were  several  hundred  miles  from  the  earthquake  centre;  but  in  these  remote 
regions  the  avalanches  were  not  in  such  abundance  as  near  Yakutat  Bay. 

One  who  has  read  Russell's  vivid  descriptions  of  the  great  avalanches  in  the  valley 
of  upper  Newton  glacier  ^  in  1890  and  1891,  some  of  which  advanced  a  half  mile  across 
the  glacier,  or  who  has  seen  Sella's  wonderful  photographs  ^  of  the  avalanche-scarred 
slopes  near  the  heads  of  the  glaciers  of  Mt.  St.  Elias  in  1897,  in  both  cases  representing 
avalanching  under  normal  conditions,  not  under  the  exceptional  conditions  of  three 
weeks  of  earthquake  shocks,  and  who  has  noted  the  enormous  area  of  snow  slopes  in 
unstable  equilibrium  near  Yakutat  Bay,  could  have  no  serious  doubt  of  the  tremen* 
dous  accessions  of  snow  and  ice  that  might  have  been  received  by  many  of  the  Yakutat 
Bay  glaciers  during  September,  1899.  Upon  these  evidences,  we  are  convinced  that 
there  can  be  no  question  but  that  there  was,  in  that  year  unusual  addition  to  the  reser- 
voirs of  the  glaciers  of  Yakutat  Bay  and  vicinity.  The  mountains  here  are  lofty,  with 
steep  slopes,  and  the  snowfall  is  very  heavy.  The  same  statement  applies  to  other 
parts  of  the  mountains  of  the  Alaskan  coast  region,  it  is  true;  but,  although  these 
other  sections  have  experienced  earthquakes,  none  have  suffered  such  severe  and  con- 
tinued shaking  since  Alaska  began  to  be  settled  by  white  men  as  the  Yakutat  Bay 
region  was  subjected  to  in  September,  1899.  That  period  of  shaking  was  notable  for 
its  intensity  and  duration,  even  in  a  region  of  frequent  and  severe  earthquakes.  If  the 
avalanching  of  snow  and  ice  to  glacier  reservoirs  is  competent  to  cause  an  advance  in 
the  glacier  termini,  the  advance  resulting  from  that  particular  period  of  shaking  should 
be  notable  for  its  extent  and  intensity.  Lesser  shaking  might  well  cause  slower  and  less 
spectacular  advances,  of  which  the  slighter  forward  movements  of  the  glaciers  of 
Alaska  and  other  regions  may  be  instances;  but  vigorous  shaking,  continued  through  three 
weeks,  may  well  produce  additions  to  the  glacier  supply  that  cannot  be  disposed  of  in 
so  simple  a  manner. 

Until  the  studies  of  the  Yakutat  Bay  glaciers  in  1906  the  theory  of  advance  of  gla- 
ciers in  response  to  earthquake  shaking  had  not  seemed  called  for  in  explanation  of  the 
phenomena  of  glacier  fluctuations.  From  the  studies  of  that  year  it  became  evident 
that  some  unusual  cause  was  necessary  to  explain  the  remarkable  changes  observed  in 
the  glaciers,  and  the  earthquake  theory  was  therefore  proposed.  Our  later  studies 
have  discovered  new  facts  in  support  of  this  theory  and  none  opposed  to  it.  In  view  of 
the  newness  of  this  theory,  and  of  its  possible  application  to  glacier  advances  in  other 
regions,  we  deem  it  worth  while  to  state  it  fully,  to  give  a  complete  statement  of  the  rea- 
sons why  it  seems  to  be  necessary,  and  to  state  the  facts  which  support  it. 

Failure  of  Other  Theories.  One  of  the  main  reasons  for  proposing  the  new  theory  of 
advance  due  to  an  impulse  derived  from  earthquake  shaking  is  the  failure  of  all  other 
explanations  suggested.  It  was  evident  that  we  had  here  such  a  strong  expression  of 
some  cause  for  glacier  advance  that  we  were  warranted  in  considering  not  only  current 
theories,  but  unusual  and  even  apparently  improbable  theories,  and  in  inventing  for 
consideration  any  that  might  by  any  possibility  explain  the  phenomena.  Little  or  no 
help  could  be  obtained  from  observations  in  other  regions,  because  the  phenomena 

I  RusseU,  I.  C,  Nat.  Geog.  Mag.,  Vol.  HI,  1891,  pp.  155-156;  18th  Ann.  Kept.,  U.  S.  Geol.  Survey,  1892,  p.  50. 
*  The  Ascent  of  Mt.  St.  Elias,  London,  1900,  photograph  facing  p.  130,  and  many  others. 
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observed  in  Yakutat  Bay  were  quite  different  in  degree  and  in  character  from  those 
of  other  regions. 

Hypothesis  of  Climatic  Variation.  The  consideration  of  the  problem  naturally  began 
with  the  commonly-accepted  theory  for  fluctuations  in  glacier  fronts — ^response  to  varia- 
tions in  snowfall  in  the  glacier  reservoirs.  No  one  questions  the  rationality  of  this  theory 
when  applied  to  such  slow  advances  and  recessions  as  occur,  for  instance,  in  the  Alps, 
where  for  a  series  of  years  ice  fronts  advance  or  recede  slightly;  but  it  is  a  question  worthy 
of  careful  consideration  whether  this  cause  is  also  competent  to  explain  the  spectacular 
changes  observed  in  the  Yakutat  Bay  region. 

In  considering  this  question  it  is  to  be  borne  in  mind  that  we  have  to  account  for  the 
sudden  advance  of  nine  or  ten  glaciers  in  a  limited  region,  and  that  these  glaciers  vary 
in  size  and  in  the  conditions  of  their  reservoirs. 

Under  the  theory  of  climatic  variations  it  would  be  necessary  to  assume  that  after 
a  period  of  a  half  century,  or  thereabouts,  of  snowfall  not  quite  sufficient  to  hold  glacier 
fronts  in  their  position,  thus  giving  rise  to  stagnation  in  their  outer  portions,  and  ac- 
companying recession,  the  snowfall  abruptly  increased  and  enough  fell  to  produce  these 
startling  phenomena.  Then  came  a  cessation  of  the  excessive  snowfall  as  abrupt  as  the 
beginning.  In  other  words,  in  a  limited  area  there  must  have  been  a  great  increase 
in  snowfall  for  a  few  years  and  then  a  return  to  the  normal.  It  must  be  insisted,  too, 
that  the  phenomena  of  advance  show  clearly  that  the  transformation  could  not  be 
accounted  for  by  moderate  increase  in  snowfall.  Only  a  very  notable  addition  to  the 
reservoirs  could  bring  about  so  spasmodic  and  so  great  a  forward  movement. 

In  the  hope  of  getting  some  light  on  the  question  of  variation  in  snowfall  in  this  re- 
gion we  have  examined  the  precipitation  data  for  stations  on  the  Alaskan  coast  within 
a  distance  of  £50  miles  to  the  southeast  and  an  equal  distance  to  the  northwest.^  These 
records,  though  fragmentary,  prove,  what  is  otherwise  well  known,  that  there  are  great 
variations  in  amount  of  precipitation  from  place  to  place  along  this  coast,  and  since  the 
nearest  of  these  stations  is  150  miles  distant  from  Yakutat  Bay,  it  is  evident  that  no  safe 
deduction  can  be  drawn  from  the  recorded  precipitation  in  an  interpretation  of  varia- 
tion in  snowfall  on  the  slopes  of  the  St.  Elias  Range.  We  do  not  know  whether  the  pre- 
cipitation on  the  mountain  slopes  is  greater  or  less  than  at  Sitka  or  Nuchek,  nor  do  we 
know  how  it  varies  with  elevation  or  exposure,  nor  whether  an  increase  in  precipitation 
at  Sitka  was  associated  with  an  increase  on  the  slopes  of  the  St.  Elias  mountains.  After 
a  careful  consideration  of  the  question  we  have  become  convinced  that  no  definite  or 
satisfactory  discussion  of  the  subject  is  possible  on  the  basis  of  existing  records  of 
precipitation.  On  one  point,  however,  there  is  noteworthy  testimony  from  the  records, 
namely  that,  for  some  reason,  there  is,  at  least  locally,  a  very  decided  variation  in  pre- 
cipitation. If  the  records  are  accurate,  there  has  been  at  Sitka,  £50  miles  southeast  of 
Yakutat,  a  variation  in  rainfall  of  from  59  inches  in  1872  to  140  inches  in  1886.  From 
1848  to  1876  the  average  precipitation  was  79  inches,  and  in  no  year  did  it  rise  above 
94  inches,  while  in  only  two  years  did  it  fall  below  65  inches.  Up  to  this  time  the  precip- 
itation was  fairly  regular,  but  a  precipitation  of  77  ibches  in  1876  was  followed  by  one 

1  Based  upon  records  made  by  the  Russians  and  published  in  House  Ex.  Doc.  177,  40th  Congress,  2nd  Ses- 
sion, Washington,  1868,  pp.  334-5, 337;  upon  U.  S.  Weather  Bureau  records  published  by  Cleveland  Abbe,  Jr., 
n  The  Geography  and  Geology  of  Alaska,  Professional  Paper  45,  U.  S.  Geol.  Survey,  1906,  pp.  188-200;  and 
upon  later  manuscript  records  furnished  us  by  the  U.  S.  Weather  Bureau. 
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of  102  inches  in  1882  and  1883,  110  inches  in  1884»  102  inches  in  1885»  and  140  inches 
in  1886.  From  1890  to  1899  inclusive  there  are  no  records;  but  from  1900  to  1909  the 
precipitation  has  been  fairly  regular,  the  highest  being  88  inches,  the  lowest  73  inches. 

At  Killisnoo,  40  miles  northeast  of  Sitka,  records  from  1890  to  1905  give  a  range 
between  43  inches  and  72  inches.  At  Fort  liscum,  near  Valdez,  250  miles  northwest  of 
Yakutat  Bay,  records  for  seven  years  between  1901  and  1909  show  a  variation  betwe^i 
56  inches  in  1904  and  91  inches  in  1907.  Other  records  are  even  more  fragmentaiy. 
Indeed,  some  of  the  variations  are  so  remarkable  that  one  is  almost  tempted  to  question 
their  accuracy,  as  when  the  Sitka  precipitation  the  year  before  the  temporary  cessa- 
tion of  records  (1886)  leaped  up  to  140  inches,  and  the  records  at  Chilkat,  which  though 
kept  for  only  two  years  give  39  inches  for  1884  and  only  11  inches  in  1885.^ 

The  precipitation  records,  though  showing  remarkable  variations  at  a  given  station, 
fail  to  show  similar  variations  for  the  same  years  at  other  stations.  Thus  we  must  assume 
that  whatever  variations  there  are,  in  those  years  where  comparisons  are  possible,  are 
local,  not  general.  Unfortunately  this  comparison  cannot  be  carried  very  far,  though 
it  may  be  made  in  some  cases.  For  example,  the  year  (1885)  when  Chilkat  had  a  pre- 
cipitation of  only  11  inches,  Sitka  had  102  inches!  The  highest  precipitation  at  Sitka 
since  1900  is  88  inches  (in  1901  and  1902),  but  in  these  same  years  the  nearby  station  of 
Eillisnoo  had  only  65  and  45  inches  respectively,  both  below  the  average  precipitation, 
which  is  56  inches.  The  highest  recorded  precipitation  at  Fort  Liscum  is  91  inches,  in 
1907,  but  in  that  year  Sitka  had  only  79  inches,  or  much  less  than  the  average. 

It  is  a  question  whether  one  is  warranted  in  drawing  any  definite  conclusions  from  such 
fragmentary  and  variable  statistics,  but  in  the  light  of  these  records  we  cannot  fail  to 
admit  at  least  the  possibility  of  two  conditions  bearing  upon  the  problem  with  which 
we  are  dealing:  (1)  that  there  may  be  very  extensive  variations  in  the  amount  of  snowfall 
from  place  to  place  in  the  Alaskan  coast  mountains;  (2)  that  there  may  be  great  local 
variations  in  the  amount  of  precipitation  there  from  year  to  year. 

This  complicates  the  solution  of  the  problem  of  the  cause  of  the  advancing  glaciers 
and  introduces  difficulty  in  the  definite  elimination  of  the  climatic  hypothesis.  Yet,  in 
spite  of  these  possible  great  variations  in  snowfall,  we  believe  the  climatic  hypothesis 
to  be  inadequate  to  account  for  the  spasmodic  advance  of  the  Yakutat  Bay  glaciers. 
We  may  perhaps  best  state  our  reasons  for  this  belief  by  first  considering  a  single  one  of 
the  Yakutat  Bay  glaciers  in  comparison  with  the  best  notable  known  instance  of  glacier 
advance  correlated  with  variation  in  snowfall,  the  Vemagt  Glacier  of  the  Tyrolese 
Alps.'  On  several  occasions  this  glacier  has  undergone  spasmodic  expansion  with  ac- 
companying transformation  from  generally  uncrevassed  to  crevassed  condition,  the  last 
periods  being  in  1845  and  1898-1900.'  Although  a  small  glacier,  the  Vemagt  is  peculiar 
in  having  a  very  large  reservoir  with  a  narrow  ice  tongue  extending  from  it.  In  this  way 
the  efiPect  of  increase  in  snowfall  is  magnified  and  a  wave  of  advance  passing  down  this 

»  On  thia  point,  however.  Dr.  Clevdand  Abbe  writes  in  a  letter  to  us  under  date  of  May  80, 1910: — ^"I  would 
express  my  belief  that  the  reports  of  rainfall  at  Sitka  for  1882  to  1886  must  be  largdy  influenced  by  some  tem- 
porary peculiarity  in  methods  or  gauges,  or  measurements.  I  cannot  consider  the  excessive  figures,  102  to  104 
inches,  as  homogenous  with  the  rest  of  the  colunm  for  Sitka;  they  are  not  mere  natural  irregularities  of  precip- 
itation. " 

*  Finsterwalder,  S.,  Der  Vemagt-Femer,  Wssenschaftliche  Ergttnzungshefte  sur  Zeitschrift  des  D.  u.  O 
Alpenvereins,  I  Band,  1  Heft,  Graz,  1897. 

■  For  reference,  see  footnote,  p.  182. 
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glacier  causes  great  extension  of  the  glacier  end.  If  we  may  assume  this  glacier  to  show 
a  normal  tyx>e  of  notable  advance  due  to  increase  in  snowfall,  which  might  be  com* 
pared  with  the  Yakutat  Bay  glaciers,  there  is  one  very  noteworthy  difference.  While 
the  Yakutat  Bay  advance  began  and  ended  in  a  period  of  ten  months,  the  Vemagt, 
in  its  last  advance,  moved  forward  much  more  slowly  and  through  a  much  longer  period 
of  time.  It  was,  in  other  words,  less  spasmodic.  This,  however,  is  not  a  vital  point,  for 
it  is  conceivable  that  with  still  greater  increase  in  snowfall  the  advance  might  have  been 
more  spasmodic,  as  it  apparently  was  in  earlier  periods  when  its  terminus  was  pushed 
much  farther  down  the  valley  than  in  1899-1900. 

Turning  to  the  Yakutat  Bay  region,  and  selecting  one  of  the  glaciers  there  for  compari- 
son, we  might  almost  equally  well  take  either  the  Atrevida  or  the  Galiano  Glacier,  but 
the  latter  will  serve  our  purpose  best  because  it  is  the  smaller  and  therefore  more  neariy 
comparable  with  the  Vemagt.  Its  advance  was  great,  spasmodic,  and  effective.  It 
differs  from  the  Vemagt  in  having  no  great  snowfield  reservoir  with  which  to  intensify 
the  effect  of  inc^reascid  snowfall.  To  account  for  the  advaiice,  therefore,  one  would  need 
to  assume  a  far  greater  increase  in  snowfall  than  was  required  in  the  Vemagt,  and  exactly 
the  same  statements  apply  to  the  Atrevida  Glacier.  How  much  greater  the  snowfall 
would  need  to  be  we  do  not  know,  but  surely  to  account  for  such  changes  as  were  ob- 
served would  require  a  vast  addition  to  the  upper  glacier,  perhaps  even  more  than  the 
greatest  recorded  variation  in  precipitation  in  any  of  the  Alaskan  records,  continued 
through  several  years. 

Although  such  increase  does  not  seem  to  us  at  all  probable,  we  have  to  admit  the 
possibility  of  it  in  view  of  the  records  of  Alaskan  precipitation.  However,  assuming 
such  increase  in  precipitation,  and  further  assuming  that  it  was  localized  in  the  Yaku- 
tat Bay  region,  and  that  it  was  competent  to  account  for  the  advance  of  Atrevida  and 
Galiano  Glaciers,  we  are  at  once  confronted  by  the  very  serious  difficulty  that  Black 
Glacier,  heading  in  the  same  mountains  as  the  Galiano,  and  only  five  or  six  miles  away, 
has  not  responded.  Its  failure  to  advance  as  a  result  of  snow  supply  added  by  earthquake 
shaking  is  explicable,  but  that  it  should  not  have  responded  to  such  a  great  increase 
of  snowfall  as  would  be  required  to  account  for  the  advance  of  Galiano  and  Atrevida 
Glaciers  is  inexplicable.  The  Black  Glacier  resembles  these  two  glaciers  in  being  of  small 
size,  in  having  no  enlarged  reservoir,  in  receiving  its  supply  from  snowfields  and  steeply 
perched  tributaries,  and  in  passing  down  a  short,  deep  mountain  valley  enclosed  between 
precipitous  walls.  It  should  show  at  least  some  response  to  greatly  increased  snowfall; 
it  might  fail  to  show  response  to  earthquake  shaking. 

With  these  facts  in  mind  we  cannot  retain  the  climatic  hypothesis,  even  though  grant- 
ing the  maximum  variation  in  precipitation  that  anyone  could  possibly  claim.  But 
aside  from  this,  the  hypothesis  as  applied  to  this  region  is  weak  in  other  respects.  It 
must  assume  a  localized  increase  in  snowfall  of  great  amount,  without  any  explanation 
either  of  its  localization  or  of  its  cause,  and  without  any  proof  of  its  occurrence.  In  this 
respect  the  climatic  hypothesis  compares  unfavorably  with  the  earthquake  hypothesis, 
for  by  that  we  know  why  there  was  localization  of  effect,  we  know  that  vigorous  and 
long  continued  earthquake  shaking  occurred,  and  we  know  that  vast  quantities  of  snow 
and  ice  were  added  to  the  glacier  reservoirs.  The  climatic  hypothesis  is  difficult  to  accept 
also  because  of  the  unusual,  and  in  fact  unparalleled,  phenomena  which  it  would  be 
called  upon  to  explain.    While  it  is  true  that  the  Vemagt  Glacier  has  advanced  in  a 
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similar  way,  it  is  nevertheless  a  special  case  and  its  advance  under  snowfall  variation 
in  due  to  peculiar  individual  characteristics.  So  far  as  known  the  Yakutat  Bay  region 
is  the  only  one  in  the  world  where  a  number  of  glaciers  of  different  forms,  lengths  and 
reservoir  conditions  have  undergone  a  spasmodic  and  well  graded  advance  and  complete 
transformation.  To  account  for  this  by  climatic  variation  calls  for  a  far  greater  increase 
in  snowfall  than  has  hitherto  been  recorded  in  glacier  regions.  Being  unprecedented 
does  not  make  it  impossible,  to  be  sure,  but  it  adds  one  more  difficulty  in  the  way  of 
acceptance  of  the  hypothesis.  We  find  it  difficult  also  to  harmonize  the  climatic  hy- 
pothesis with  the  fact  that  the  phenomena  of  spasmodic  advance  are,  so  far  as  we  know, 
localized  in  and  near  the  Yakutat  Bay  region.  So  great  advance  as  is  observed  here 
would  demand  notable  increase  in  snowfall  for  a  period  of  certainly  a  few  years;  and  we 
are  unable  to  understand  why  there  should  be  this  great  increase  in  one  area,  and  noth- 
ing corresponding  to  it  in  the  adjacent  regions,  where  mountains  rise  equally  high,  where 
snowfields  are  equally  extensive,  and  where  ^^aders  are  equally  large.  One  difficulty 
in  understanding  this  leads  to  skepticism  when  we  remember  that  the  region  in  question 
is  the  one  which  was  most  severely  shaken  by  the  earthquakes  of  September,  1899.  In 
fact,  in  view  of  all  the  considerations  discussed  above,  we  feel  that  the  climatic  hypothe- 
sb  is  improbable,  that  it  is  inadequate  to  explain  all  the  facts,  and  that  it  is  sudi  a  weak 
rival  hypothesis  to  that  of  earthquake  shaking  that  it  cannot  be  entertained. 

Hypothesis  of  Response  to  Ablation.  Wastage  of  the  lower  part  of  a  glacier,  as  well 
as  addition  to  the  reservoirs  must  have  an  effect  on  glacier  variation.  It  is  possible,  for 
example,  that  the  removal  of  load  from  a  lower  part  of  a  glacier  might  induce  a  respon- 
sive flowage  from  the  heavily  loaded  part  of  the  glacier  above  snow  line  of  a  nature  similar 
to  the  flowage  resulting  from  overloading  in  the  reservoir.  It  is  certain  that  unloading 
has  been  in  progress  in  the  lower  portions  of  all  the  advancing  glaciers  of  the  Yakutat 
Bay  region. 

If  the  advance  were  confined  to  a  single  glacier,  or  to  a  group  of  glaciers  of  essentially 
the  same  characteristics,  this  hypothesis  might  be  applicable.  But  it  does  not  seem 
applicable  to  a  case  in  which  so  many  glaciers  of  such  different  characteristics  are  in- 
volved. For  instance,  that  underloading  in  the  moraine-covered  bulb  of  Atrevida  Gla- 
cier should  result  in  an  advance  in  the  same  years  as  the  advance  of  Haenke  Glacier 
whose  end  is  in  a  mountainous  valley  seems  improbable.  It  is  equally  difficult  to  under- 
stand by  this  theory  why  the  Marvine  Glacier,  which  terminates  in  the  piedmont 
Malaspina  Glacier,  advanced  in  the  same  year  as  the  Atrevida;  and  also  why  the  other 
tributaries  to  the  Malaspina  have  not  responded  to  unloading  of  the  Malaspina  by  abla- 
tion. 

Thus,  even  without  considering  whether  the  cause  itself  is  really  an  adequate  possi- 
bility for  such  a  spasmodic  advance  in  a  single  glacier,  and  without  making  use  of  the 
fact  that  no  such  response  to  unloading  is  known  ever  to  have  occurred,  the  hypothe- 
sis fails  and  may  be  discarded  in  so  far  as  its  application  to  the  advancing  glaciers  of  the 
Yakutat  Bay  region  is  concerned. 

Hypothesis  of  Elevation  and  Tilting.  Increase  in  snow  supply  to  glaciers  could  be 
brought  about  by  increase  in  elevation,  and  this  theory  has  also  been  considered.  Here 
again  we  cannot  apply  the  test  of  actual  measurement,  since  only  the  approximate  ele- 
vations of  a  few  of  the  peaks  are  known;  but  this  theory,  like  that  of  increase  in  snowfall, 
lacks  probability.   Applying  it,  for  example,  to  Marvine  or  Lucia  Glaciers,  whose  sources 
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are  in  a  lofty  mountain  region,  it  is  doubtful  if  an  uplift  of  many  hundreds  of  feet  would 
cause  any  notable  addition  to  the  snowfall.  These  mountains  already  rise  so  high,  and 
form  so  continuous  a  barrier,  that  the  damp  ocean  winds  lose  a  great  part  of  their  vapor 
in  rising  over  them,  for  the  snow  line  lies  between  2000  and  SOOO  feet.  In  the  case  of 
the  smaller  glaciers,  for  example  Galiano  and  Atrevida  Glacier^,  an  uplift  might  cause 
distinct  increase  in  snowfall,  for  the  mountains  which  supply  them  are  lower.  But  even 
here,  one  could  not  imagine  an  uplift  like  the  maximum  of  47  feet  in  Yakutat  Bay  in 
1899,  or  any  uplift  that  was  not  measured  in  hundreds  of  feet,  causing  a  sufficient  in- 
crease in  snowfall  to  cause  such  a  notable  advance  and  change  in  glacier  condition. 

Even  making  the  extravagant  supposition  of  an  uplift  of  several  hundred  feet,  there 
would  not  be  sufficient  increase  in  snowfall  to  bring  about  the  spasmodic  advance  ob- 
served here  unless  with  it  there  was  some  means  of  abruptly  concentrating  the  effects  of 
the  snowfall  on  the  glacier  reservoirs.  Such  an  uplift  would  also  need  to  be  assumed 
throughout  a  very  great  area,  for  the  distance  between  the  sources  of  the  Marvine  and 
the  Hidden  Glaciers  is  not  less  than  60  miles.  The  extravagant  supposition  of  a  moun- 
tain uplift  of  hundreds  of  feet  throughout  an  area  60  miles  in  length,  even  if  it  were 
competent  to  account  for  the  facts,  would  be  proposing  as  a  substitute  an  even  more 
remarkable  phenomenon  than  that  which  it  is  called  upon  to  explain  and  one  not  indi- 
cated by  the  delicate  seacoast  register.  Beside  the  extreme  improbability  of  this  hy- 
pothesis, even  in  its  least  extravagant  form,  we  have  the  more  convincing  fact  that  the 
advance  of  the  glaciers  ceased  as  abruptly  as  it  began.  Were  the  advance  due  to  uplift, 
its  effects,  at  least  in  diminished  form,  should  have  continued.  For  these  reasons  we 
cannot  entertain  this  theory. 

A  sudden  advance  of  glaciers  might  conceivably  be  caused  by  a  tilting  of  their  valleys, 
but  this  hypothesis  certainly  cannot  be  applied  to  the  Yakutat  Bay  advances,  for  there 
are  several  fatal  objections  to  it  in  addition  to  the  improbability  of  a  sufficient  increase 
in  grade  to  transform  an  uncrevassed  glacier  to  broken  condition,  and  to  replace  long 
stagnation  by  sudden  advance.  The  first  objection  is  the  lack  of  evidence  by  observa- 
tion. A  change  in  grade  sufficient  to  cause  so  great  a  change  in  glacier  condition  should 
certainly  be  noticeable,  and  we  are  unable  to  detect  it.  A  second  objection  is  the  dif- 
ferent directions  pursued  by  the  different  advancing  glaciers — some  flowing  southward, 
one  eastward,  and  one  westward.  It  would  require  complexity  of  breaking  and  inclina- 
tion of  a  mountain  region  not  only  entirely  without  precedent,  but,  judging  by  our  knowl- 
edge of  earth  changes,  wholly  impossible.  Finally,  even  if  we  assumed  the  possibility 
of  the  change  it  would  be  necessary  to  assume  also  a  return  to  approximately  the  former 
condition,  for  we  have  to  explain  not  only  a  sudden  advance,  but  a  sudden  cessation  of 
advance. 

Untenable  Earthquake  Hypotheses.  The  occurrence  of  the  severe  earthquakes  of  1899 
naturally  led  us  to  consider  in  what  ways  it  might  be  possible  for  the  transformation 
of  the  glaciers  to  be  a  response  to  these  earthquakes,  and  four  hypotheses  have  suggested 
themselves,  three  of  which  are  easily  disproved,  while  one  is  so  supported  by  the  facts 
that  it  is  retained. 

Of  the  three  earthquake  hypotheses  that  are  discarded  the  first  is  that  the  changes  in 
the  glaciers  are  the  result  of  breaking  of  the  ice  by  the  vigorous  shaking  either  in  1899 
or  in  some  subsequent  year»  It  strains  the  imagination  to  conceive  of  such  a  shaking 
as  to  break  a  glacier  into  impassable  condition  by  such  a  cause,  but  waiving  this,  and 
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assuming  its  possibility,  it  is  easily  proved  not  to  be  the  case  here.  This  theory  faib 
to  account  for  the  advance  of  the  glacier  f ronts»  the  spreading  at  the  sides,  and  the  thick- 
ening of  the  glaciers.  It  fails  to  account  for  the  breaking  of  some  glaciers  and  the  lack 
of  breaking  in  others,  for  the  breaking  of  the  Marvine  lobe  of  the  Malaspina  and  the 
immunity  of  the  rest  of  this  piedmont  ice  area,  and  for  the  appearance  of  breaking  in 
different  glaciers  in  successive  years.    It  cannot  be  seriously  entertained. 

The  second  earthquake  hypothesis  is  that  the  earthquakes  of  1899  broke  the  gladers* 
but  that  the  effects  of  the  breaking  did  not  appear  until  ablation  revealed  the  cracks. 
This  theory  does  not  explain  the  glacier  advance,  spreading  and  thickening,  and  is, 
consequently,  inapplicable  here.  It  is  therefore  hardly  necessary  to  consider  whether 
a  glacier  could  be  broken  below  the  surface  and  not  on  the  surface,  and  also  whether 
ablation  could  reveal  the  breaking  in  a  period  of  about  10  months,  most  of  which  was 
winter  season,  and  at  the  same  time  in  a  moraine-covered  piedmont  bulb  as  in  the  clear 
ice  area  of  the  valley  glacier  as  far  up  as  the  snow  line. 

A  third  earthquake  hypothesis  is  that  the  severe  shaking  in  1899  resulted  in  the  setting 
up  of  unusual  conditions  of  strain  in  the  ice,  or  of  disturbing  equilibrium  in  the  glacier, 
whose  manifold  points  of  contact  with  the  irregular  valley  bottom  and  side  are  postulated 
to  have  complex  strain  relationships,  resulting  in  advance  of  the  glacier  in  the  restora- 
tion of  equilibrium.  No  such  strain  relationships  are  known  to  exist  and,  if  they  do, 
it  is  not  known  that  they  are  competent  to  cause  forward  movement.  The  hypothesis 
does  not  account  for  the  inmiunity  of  most  of  the  steep-grade  glaciers  from  advance, 
for  these  should  seek  equilibrium  first.  It  accounts  for  no  supply  to  keep  the  forward 
movement  going  and  thrust  a  glacier  front  forward  two  miles.  It  may  be  objected 
to  first  on  the  ground  of  postulating  conditions  not  known  to  exist,  and,  second,  in  credit- 
ing them  with  great  powers  where  slight  power,  if  any,  is  more  probable. 

These  three  earthquake  theories  are  so  entirely  inapplicable  that  it  would  not  be 
deemed  worth  while  to  give  space  to  a  consideration  of  them,  were  it  not  for  the  fact 
that  each  has  been  proposed  by  a  colleague  as  a  possible  alternate  hypothesis  for  the 
theory  which  is  stated  in  the  following  section. 

Theory  of  Earthquake  Avalanche  Supply,  This  theory  is  based  upon  three  postulates, 
each  of  which  is  deduced  from  actual  observation.  The  first  postulate  is  that  in  normal 
conditions  the  mountain  slopes,  above  a  certain  level,  are  deeply  covered  with  snow  and 
ice  wherever  it  can  stand,  and  that  much  of  it  is  in  such  unstable  position  that  sufficient 
quantities  are  normally  sliding  into  the  valleys  to  form  the  glaciers  and  keep  them  sup- 
plied. The  second  postulate  is  that  by  September,  in  any  year,  a  considerable  addition 
to  the  snow  accumulation  has  been  made  by  the  early  autumn  snows,  and  that  at  that 
season  the  snow  line  has  been  materially  lowered  by  the  accumulation  of  snow,  on  slopes 
from  which  much  of  it  would  normally  be  removed  by  the  next  summer's  melting.  The 
third  and  vitally  important  postulate  is  that  the  continued  shaking  of  the  mountains 
during  the  earthquakes  in  the  first  three  weeks  of  September,  1899,  dislodged  vast  quanti- 
ties of  this  snow  and  ice  and  threw  it  in  avalanches  down  upon  the  glaciers  and  upon 
the  n6v6s.  This  added  to  the  glaciers  a  sudden  and  great  supply  of  snow  and  ice,  some 
of  which  never  would  have  reached  the  glaciers,  but  most  of  which  would  have  come 
down  to  them  from  time  to  time  during  a  series  of  years. 

From  these  basal  postulates  we  have  inferred  that  so  great  was  the  sudden  increase 
of  snow  and  ice  in  the  glacier  reservoirs  that  a  wave  of  advance  was  started  of  far  greater 
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vigor  than  variations  in  precipitation  could  cause,  and  sufficient  to  explain  the  spasmodic 
advance  and  breaking  of  the  glaciers  that  has  been  observed  in  the  Yakutat  Bay  region. 
Since  the  unusual  supply  ceased  as  abruptly  as  it  came,  the  advance  quickly  ran  its 
course  and  the  glaciers  abruptly  resumed  their  former  condition. 

A  number  of  facts  and  considerations  support  this  theory,  as  follows:  (1)  There  was 
a  series  of  unusually  vigorous  earthquakes  in  September,  1899.  (£)  Accompanying  these 
shocks  there  was  much  avalanching.  These  two  points  are  important  in  showing  that 
the  cause  was  actually  present,  though  they  do  not  prove  that  it  was  adequate.  (8) 
Both  the  earthquakes  of  1899  and  the  phenomena  of  spasmodically-advancing  glaciers 
are  centered  in  the  Yakutat  Bay  region.  (4)  Of  the  advancing  glaciers  all  but  one  are 
known  to  have  begun  their  advance  since  1899  and  the  evidence  is  all  but  conclusive 
that  the  other  advance,  that  of  the  Galiano,  occurred  after  1899.  (5)  There  has  been 
a  rough  progression  in  the  glacier  advance  from  the  smaller  to  the  larger  glaciers,  begin- 
ning almost  at  once  in  the  smallest,  then  affecting  larger  ones,  then  still  larger,  while 
the  largest  have  not  yet  responded.  (6)  The  duration  of  the  advance  was  brief,  indi- 
cating an  intense  cause  of  short  duration.  (7)  The  cessation  of  the  advance  was  abrupt, 
indicating  that  the  cause  terminated  abruptly.  (8)  The  extent  of  the  advance  was 
great,  involving  the  transfer  of  large  masses  of  ice  in  thickening,  spreading  and  pushing 
the  glacier  fronts  forward,  proving  that  the  cause  involved  an  extensive  addition  to  the 
glacier  supply.  (9)  The  transformation  of  the  glaciers  is  without  recorded  parallel, 
which  indicates  the  necessity  of  seeking  an  unusual  cause.  (10)  All  other  theories  fail 
to  satisfactorily  account  for  the  phenomena.  (11)  No  facts  observed  are  opposed  to 
the  theory  of  earthquake  shaking.  (12)  The  theory  satisfactorily  accounts  for  all  the 
phenomena  of  the  advancing  glaciers. 

It  accounts  for  the  location  of  the  advancing  glaciers  in  the  Yakutat  Bay  region;  for 
the  beginning  of  the  advance  immediately  after  1899  in  the  small  glaciers;  for  its  appear- 
ance in  successive  years  in  other,  larger  glaciers;  for  the  failure  of  the  largest  glaciers 
to  have  responded  as  yet;  for  the  failure  of  response  of  glaciers  that  did  not  receive  numer- 
ous avalanches;  for  the  pronounced  breaking,  advance  and  thickening  of  the  glaciers; 
and  for  the  sudden  beginning  and  equally  abrupt  termination  of  the  advance.  Being 
the  only  theory  that  does  not  fail  in  some  significant  respects,  having  no  vital  points  of 
objection,  but  on  the  contrary  being  supported  by  numerous  important  facts  and  con- 
siderations, and  being  competent  to  account  for  all  the  phenomena  of  the  advancing 
glaciers,  the  theory  of  earthquake  shaking  occupies  a  strong  position,  falling  little,  if 
any,  short  of  complete  demonstration. 

Nature  oj  the  Advance.  It  is  made  clear  in  the  preceding  chapters  that  several  stag- 
nant or  nearly  stagnant  glaciers,  with  little  if  any  crevassing,  have  undergone  an  abrupt 
change,  becoming  impassably  crevassed  and  at  the  same  time  becoming  thickened  at 
their  lower  ends  and  pushing  forward  at  their  fronts  and  margins;  and  that  this  period 
was  of  brief  duration  and  terminated  as  abruptly  as  it  began.  Such  an  advance  con- 
trasts strikingly  with  normal  motion  of  glaciers,  as  well  as  with  the  slow  advance  of  a 
glacier  under  the  influence  of  normal  climatic  variations,  when  through  a  period  of  years, 
and  without  notable  change  in  surface  conditions,  the  ice  front  gradually  advances. 

The  reports  of  the  International  Committee  on  Glaciers  show  that  between  1895  and 
1907  the  overwhelming  majority  of  advancing  glaciers  in  the  Alps,  Scandinavia,  Russia, 
Canada,  etc.,  moved  forward  from  ten  to  sixty  feet  a  year,  there  being  one  case  of  an 
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advance  of  114  feet,  one  of  13S  feet»  and  the  remarkable  case  of  the  Vemagt-Femer  whose 
advance  attained  as  many  as  150,  240,  and  450  feet  in  a  year.  In  contrast  with  this 
the  Haenke  Glacier  in  Alaska  advanced  over  4000  feet  in  a  little  less  than  ten  months 
and  the  Hidden  Glacier  over  10,000  feet  in  a  brief  interval,  probably  less  than  a  year 
and  possibly  in  only  a  few  months.  The  glaciers  in  Europe  sometimes  continue  to  ad- 
vance for  fifteen  or  twenty  years  when  once  an  advance  starts,  the  cycle  from  maximum 
to  minimum  being  S5  to  50  years,  contrasting  with  the  Alaskan  glaciers  under  discussion 
whose  advances  have  lasted  less  than  a  yeas. 

The  case  of  glacier  advance  most  nearly  analogous  to  that  of  the  Yakutat  Bay  region* 
of  which  we  have  found  record,  is  that  of  the  two  small  Tyrolese  glaciers — ^the  Vemagt 
and  Ferner,  which  are  known  to  have  undergone  great  advance  in  1599,  1680,  1778» 
1820, 1845  and  1898-1900.  Some  of  these  advances  have  been  very  great,  and  by  their 
effect  in  damming  up  a  tributary  valley  and  forming  a  lake,  whose  sudden  drainage  has 
caused  great  floods  in  a  populated  valley  have  attracted  attention  and  invited  study 
even  in  early  times.  Reference  to  these  earlier  studies  will  be  found  in  the  remarkable 
monograph  by  Finsterwalder^;  in  which  the  cause  for  the  variation  in  the  Vemagt 
and  Ferner  Glaciers  is  discussed.  The  notable  advance  of  the  Vernagt  Glacier  and  the 
less  marked  advance  of  the  Ferner  Glacier  in  1898-1900  are  described  by  Bltlmcke  and 
Hess;  and  they  have  also  published  some  of  the  results  of  careful  studies  of  these 
glaciers  upon  which  they  have  been  engaged  for  many  years.' 

In  the  last  advance  of  the  Vemagt  glacier  a  swelling  was  at  first  observed  in  the 
reservoir,  and  later  a  transformation  of  the  ice  tongue  followed,  converting  it  from 
practically  uncrevassed  to  crevassed  condition,  and  causing  an  advance  of  the  end. 
Earlier  advances  had  been  similar,  though  some  of  them  were  far  more  pronounced. 
There  is  therefore  a  noteworthy  resemblance  between  the  behavior  of  the  Vemagt- 
Femer  and  the  advancing  Yakutat  Bay  glaciers,  though  the  1898-1900  advance  was 
much  less  spectacular  and  less  rapid  than  those  of  the  Yakutat  Bay  glaciers,  and  there 
is  also  a  difference  in  the  cause,  for  the  Vemagt,  and  less  notably  the  Ferner,  is  a  small 
ice  tongue  fed  from  a  very  large  reservoir,  and  the  advance  is  ascribed  to  the  concen- 
trated influence  of  an  increase  in  the  snowfall  in  the  reservoir,  not  to  the  effect  of  earth- 
quake shaking. 

From  the  researches  of  Finsterwalder,  Bltlmcke  and  Hess  it  seems  evident  that 
excessive  accumulation  of  snow  in  the  reservoir  ultimately  starts  a  wave  which,  gather- 
ing force,  finally  sweeps  with  rapidity  through  the  glaciers  and  finds  response  even  in 
the  lower  portions  of  the  glaciers  by  rapid  motion,  thickening,  and  advance.  Their 
important  detailed  work,  which,  in  the  nature  of  the  case,  could  not  possibly  have  been 
undertaken  in  the  Alaskan  glaciers,  throws  a  flood  of  light  upon  the  problems  of  ad- 

>  Finsterwalder,  S.,  Der  Vemagt-Fenier,  Wiasenschaftliche  ErgHnzungshefte  zur  Zotachrift  des  D.  u.  O. 
Alpenvereina,  I  Band.  1  Heft  Graz,  1897;  with  addendum  by  Bltlmcke,  A.  and  Hess,  H.  on  Die  Nachmea- 
simgen  am  Vemagt-Femer  in  den  Jahren  1891,  1898  and  1895. 

>  Bltlmcke,  A.  and  Hess,  H.,  Beobachtmigen  an  den  Gletschem  des  Rosenthales.  Mittheilmigen  des  D.  u.  0. 
Alpenvereins,  1900,  Nr.  4,  6  pp.;  Einiges  tlber  den  Vemagt-Femer,  ibid.  1902,  Nr.  18;  Tlefbohrungen  auf  dem 
Hinterreisfemer,  1902,  ibid.  Nr.  21,  7  pp.;  Tiefbohrungen  am  ffintereisfemer  im  Sommer,  1908,  Zeitschrift  ftlr 
Gletscherkunde,  Band  IH,  1909,  pp.  232-236;  Tiefbohrungen  an  Hintereisgletscher,  1909,  ibid.  Band  IV,  1909» 
pp.  66-70;  Hess,  H.  Zur  Mechanik  der  Gletschervorstttsse,  Petermanns  Geogr.  MitteQungen,  1902,  Heft.  V; 
Probleme  der  Gletscherkunde,  Zeitschrift  ftlr  Gletscherkunde,  Band  I,  1906,  pp.  241-254;  Die  Gletscher. 
Braunschweig,  1904.  pp.  296,  etc. 
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vance  of  these  glaciers,  and  in  formulating  a  theory  of  the  nature  of  the  advance  we 
naturally  start  with  the  results  of  their  work  as  a  basis.  The  advance  in  the  two  regions 
is  closely  analogous  in  main  characteristics  though  differing  in  cause,  rate  of  trans- 
formation, and  amount  of  forward  motion;  but  the  two  latter  differences  may  well  be 
no  more  than  what  would  normally  result  from  the  difference  in  cause, — ^in  the  one  case 
the  slow  accumulation  of  energy  and  ultimate  response  from  increase  in  snowfall,  in 
the  other,  rapid  application  of  the  same  cause  due  to  sudden  precipitation  of  snow 
into  the  reservoirs  from  the  valley  walls  and  corresponding  rapid  and  great  response 
in  the  lower  glacier. 

In  explaining  such  an  advance  of  glaciers  as  those  described  in  this  and  preceding 
chapters  we  cannot  assume  actual  flowage  or  transfer  of  ice  from  reservoir  to  terminus 
because  of  the  brevity  of  the  time  and  the  abruptness  with  which  the  advance  passed 
through  the  glaciers.  It  is  inconceivable,  for  instance,  that  there  was  a  transfer  of 
material  through  the  15  miles  of  the  broken  Marvine  Glacier,  in  the  brief  period  of  a 
year  or  less.  Snow  that  falls  in  glacier  reservoirs,  changed  to  ice,  does  by  normal 
glacier  motion  ultimately,  in  the  course  of  a  score  of  years,  find  its  way  to  the  glacier 
front,  but  we  imagine  that  no  one  would  advance  the  hypothesb  that  glacier  motion 
could  under  any  circumstances  become  so  accelerated  as  to  permit  such  transfer  as 
would  be  called  for  by  the  Alaskan  glacier  advances. 

A  modification  of  this  hypothesis  that  is  less  difficult  to  conceive  is  that,  by  increase 
of  snow  in  the  reservoir,  a  condition  of  advance  is  started  in  the  upper  glacier,  and  that 
this  is  so  great  and  powerful  that  it  results  in  a  rapid  actual  forward  transfer  of  ice, 
causing  motion  in  the  glacier  of  far  greater  rapidity  than  normal.  By  this  rapid 
advance  the  glacier  surface  is  broken  and  a  thrust  is  applied  against  the  ice  in  front 
which  is  not  yet  in  such  rapid  motion.  This  thrust  pushes  the  ice  forward  and  thus 
extends  the  breaking  and  advance  beyond  the  zone  actually  reached  by  the  ice  which  is 
moving  rapidly  forward.  In  other  words,  this  hypothesis  takes  as  the  basis  the  normal 
means  of  transfer  of  ice  in  glaciers,  but  supposes  an  acceleration  in  speed,  and  adds  to 
it  the  pushing  forward  and  consequent  breaking  up  of  the  rigid  stagnant  outer  ice» 
much  as  an  advancing  glacier  would  push  forward  the  wall  of  a  building  that  stood  in 
the  way. 

In  1906  this  hypothesis  seemed,  in  part  at  least,  a  possible  explanation  of  the  con- 
ditions in  the  advancing  glaciers  of  Yakutat  Bay.  In  the  light  of  the  observations  of 
1909,  and  after  further  consideration  of  the  problem,  it  now  seems  to  us  an  inadequate 
explanation,  for  there  are  several  serious  objections  to  it.  In  the  first  place,  it  is 
doubtful  if,  even  with  the  most  rapid  glacier  motion  we  could  assume,  the  wave  of 
advance  could  have  extended  as  far  down  the  glacier  by  1906  as  this  explanation  would 
demand;  and,  in  any  event,  it  should  have  been  preceded  by  breaking  in  the  upper 
glacier,  and  not  have  abruptly  affected  the  entire  glacier,  for  many  miles,  all  in  a 
period  of  a  few  months.  Furthermore,  it  seems  exceedingly  doubtful  whether  sufficient 
thrust  could  be  applied  to  so  completely  break  the  surface  of  such  extensive  areas  as 
were  broken,  for  instance  in  the  Marvine  lobe  of  the  Malaspina  by  the  1906  advance. 
Even  more  difficult  to  conceive  is  the  application  of  a  thrust  of  sufficient  force  to  push 
the  front  of  Hidden  Glacier  forward  two  miles.  Finally,  the  fact  that  the  advance 
ceased  abruptly  and  completely  immediately  after  the  breaking  of  the  ice  was  accom- 
plished is  a  serious  objection.    Had  there  been  an  active  advance  from  behind,  pushing 
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the  stagnant  ice  forward  and  breaking  it,  there  could  hardly  have  been  so  abrupt  a 
termination,  for  after  the  first  thrust  further  flowage  should  cause  continued  advance* 
Because  of  these  objections  we  feel  forced  to  set  this  hypothesis  aside  as  improbable. 

Another  conceivable  hypothesis  is  that  the  sudden  addition  to  the  upper  portions 
of  the  glaciers  started  a  wave  in  the  ice,  which  was  transmitted  down-stream,  and  which 
was  transmitted  wholly  independently  of  glacier  motion.  As  this  wave  paused  down 
the  glacier  it  broke  the  ice  surface,  and  since  it  moved  with  rapidity  it  transformed 
the  glacier  from  end  to  end  in  a  brief  period  of  time;  and  after  it  had  passed,  the  ice 
returned  to  its  normal  state  and  the  broken  surface  was  given  over  to  the  processes  of 
ablation  to  heal.  We  confess  that  we  find  this  hypothesis  difficult  of  conception,  and 
that  the  form  and  nature  of  movement  of  the  wave  is  not  clear.  If,  however,  we  could 
grant  the  passage  of  such  a  wave,  it  would  explain  some  of  the  phenomena  of  the  ad- 
vancing Yakutat  Bay  glaciers,  though  there  are  many  which  are  not  capable  of  explana- 
tion by  such  a  wave.  This  hypothesis,  for  instance,  would  not  explain  the  notable 
advance  of  the  front  of  the  glaciers.  To  carry  an  ice  front  forward  one  mile,  as  in  the 
case  of  Haenke  Glacier,  and  two  miles,  as  in  the  case  of  the  Hidden  Glacier,  demands 
an  actual  transfer  of  ice.  With  such  a  passage  of  a  wave  through  the  glacier,  so  far  as 
we  are  able  to  conceive  it,  we  should  expect  that  when  it  reached  a  stagnant  piedmont 
bulb  it  would  spread  and  gradually  die  out,  as  was  the  case  in  the  Variegated  and  Atre- 
vida  piedmont  areas.  But  in  Malaspina  Glacier  the  breaking  extended  many  miles 
down  the  Marvine  lobe,  without  spreading  laterally  westward;  in  other  words,  it 
followed  the  flow  lines  influenced  by  the  Marvine.  A  wave  in  the  ice  might  be  expected 
to  disregard  this  factor  and  pass  through  ice  regardless  of  its  source  of  origin;  and  a 
wave  derived  from  an  impulse  set  up  in  the  Marvine  Glacier  valley,  would,  it- seems  to 
us,  on  passing  out  into  the  Malaspina  Glacier,  as  easily  spread  out  westward  into  the 
ice  supplied  by  the  Seward  Glacier  as  southward  along  the  Marvine  lobe.  A  third 
objection  is  the  thickening  of  the  ice,  especially  noticeable  in  the  piedmont  areas  of  the 
Variegated  Glacier  and  the  western  margin  of  the  Atrevida  Glacier.  In  these  places 
the  ice  has  the  appearance  of  having  flowed  out  there  as  a  thick  viscous  fluid  flows. 
In  this  connection  may  be  mentioned  the  development  of  the  clear  ice  area  in  the 
Atrevida  Glacier  which  we  are  wholly  unable  to  explain  on  the  hypothesis  of  the  pas- 
sage of  a  wave  through  the  glacier.  These  facts  make  it  evident  that  a  mere  wave  is 
inadequate  as  an  explanation  of  the  phenomena  of  the  advancing  Yakutat  Bay  glaciers. 
Any  theory  to  account  for  these  phenomena  must  explain  a  rapid  transfer  of  impulse 
from  far  up  the  glaciers,  probably  from  the  reservoir,  through  many  miles  of  hitherto 
stagnant  or  slowly  moving  ice,  and  accompanying  this  a  breaking  of  the  glacier  surface 
and  an  advance  of  the  front,  a  spreading  of  the  margins  and  a  thickening  of  the  glacier. 
A  combination  of  the  theory  of  wave  motion  and  actual  flowage  will  account  for  these 
phenomena,  though  neither  one  will  do  so  by  itself,  nor,  for  that  matter,  will  any  other 
theory  of  which  we  are  cognizant.  We  are  therefore  proposing,  as  an  explanation  of 
the  behaviour  of  the  Alaskan  glaciers  an  hypothesis  which  we  call  the  glacier  flood 
hypothesis. 

Under  the  glacier  flood  hypothesis  it  is  assumed  that  the  ice  of  a  glacier  is  rigid  in  its 
upper  portion  and  along  its  margins,  but  that  it  is  in  a  state  of  viscosity  beneath  a 
rigid  crust;  that  is,  a  glacier  has  its  zones  of  fracture  and  of  flowage,  like  the  earth's 
crust.     It  is  further  assumed  that  the  degree  of  viscosity  is  increased  by  pressure,  and 
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that  with  the  development  of  viscosity  the  rate  of  possible  ice  flow  is  increased.  The 
maximum  thickness  of  glaciers  is  rather  small  for  great  increase  of  viscosity  by  over- 
loading the  upper  layers,  but  the  pressure  inferred  would  be  not  only  direct  vertical 
pressure  of  upper  layers  on  lower,  but  also  hydrostatic  pressure  of  heavily-loaded 
upper  portions  of  the  glacier  stream  on  the  parts  of  the  ice  farther  down-stream  and 
down  grade  from  the  portion  overloaded  by  avalanches.  In  narrow  glaciers  these 
avalanches  doubtless  went  clear  across  the  ice  tongue,  and  where  they  did  not  do  so, 
the  same  marginal  area  was  overloaded.  The  final  assumption  is  that  the  addition  of 
snow  to  the  upper  glacier  by  the  effect  of  earthquake  shaking  started  a  wave  of  advance 
which  by  applying  pressure  to  the  ice  in  front  induced  such  a  degree  of  viscosity  that 
flowage  followed,  and  that  continued  and  was  transmitted  down  the  glacier  until  the 
effects  of  the  advance  wore  out  either  because  the  end  of  the  glacier  was  reached  or 
because  of  dissipation  in  an  expanded  piedmont  bulb. 

By  the  glacier  flood  hypothesis  it  is  not  conceived  that  there  was  actual  transfer  of 
ice  from  the  glacier  head  to  the  glacier  end  within  the  brief  period  occupied  by  the 
advance,  but  that  there  was,  nevertheless,  actual  viscous  flowage  of  the  lower  ice 
throughout  practically  the  entire  broken  area,  the  state  of  increased  flowage  being  pro- 
gressively extended  down  the  glacier  until  the  effects  of  the  thrust  died  out.  That  is 
to  say,  there  was  a  wave-like  progression  of  a  thrust  down  the  glacier  which,  when 
applied,  temporarily  increased  the  viscosity  of  the  lower  ice  layers,  and  this  was  followed 
by  a  rapid  increase  in  the  ice  motion.  At  some  time  during  the  period  the  viscous 
lower  ice  layers  of  practically  the  entire  glacier  flowed  forward  to  a  greater  or  lesa 
distance,  but  no  single  portion  of  the  ice  advanced  even  a  considerable  part  of  the 
distance  from  the  head  to  the  end  of  the  glacier.  With  the  passage  of  this  wave  and 
the  accompanying  flowage  of  the  ice,  the  rigid  upper  crust  of  the  glacier,  and  the  rigid 
margins,  were  subjected  to  such  strains  that  the  glacier  was  broken  into  the  condition 
observed  in  the  advancing  glaciers.  The  hypothesis  further  conceives  that  there  was 
some  breaking  of  the  margins,  notably  in  the  thinner  parts  of  the  piedmont  areas,  by 
a  rigid  thrust  without  the  immediate  association  of  flowage. 

This  hypothesis  has  been  called  the  glacier  flood  hypothesis  because  of  the  resem- 
blance to  a  river  flood.  When  rain  falls  heavily,  or  snow  melts  rapidly,  in  the  upper 
reaches  of  a  river  the  effect  of  the  sudden  increase  in  volume  extends  down-stream, 
and  if  the  river  surface  is  covered  with  ice  this  is  broken  and  piled  up  as  the  rising  flood 
passes  beneath  it.  The  condition  of  the  advancing  Yakutat  Bay  glaciers  is  conceived 
by  this  flood  hypothesis  to  imitate  the  river  flood  in  such  important  ways  as  to  warrant 
a  comparison  between  the  two;  but  there  are  two  notable  differences,  first  the  difference 
in  rapidity  of  transfer  of  the  flood  effect  in  the  two  cases,  and  secondly  the  difference 
in  nature  of  the  flowage.  In  the  river  the  flow  involves  the  transfer  of  water  from  the 
flood  source  to  the  river  mouth;  in  the  glacier  there  is  no  such  transfer.  There  are 
other  differences  of  minor  character,  but  of  scarcely  enough  importance  for  statement 
here. 

The  glacier  flood  hypothesis  has  the  one  merit  that  all  the  other  hypotheses  lack; 
it  seems  to  account  for  all  the  facts.  With  the  passage  of  such  a  wave  and  the  associa- 
ted rapidity  of  flowage  of  the  under-ice  it  is  easy  to  understand  the  accompanying 
breaking  of  the  surface  ice.  The  theory  accounts  equally  well  for  the  fact,  observed 
in  the  advancing  Lucia  Glacier,  that  the  margins  of  the  glacier  are  more  broken  than 
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the  center,  as  if  there  were  a  dragging  and  a  lateral  shove  there.  It  explains  the  lateral 
spreading  of  the  glaciers  and  the  forward  motion  of  their  fronts  by  the  transfer  of  ice 
crowded  both  laterally  and  forward  by  the  flowage  of  the  lower  ice  under  the  pressure 
of  the  thrust  from  behind.  It  accounts  for  the  uprising  of  clear  ice  areas  in  the  Atre- 
vida  and  Variegated  Glacier  bulbs,  alluded  to  on  a  later  page,  and  for  the  notable 
thickening  of  portions  of  these  bulbs.  By  this  hypothesis  it  is  easy  to  understand  why 
the  breaking  of  Malaspina  Glacier  did  not  extend  far  westward  into  the  Seward  lobe, 
but  was  practically  confined  to  that  portion  of  the  Malaspina  whose  ice  supply  is 
furnished  by  the  glacier  which  gave  rise  to  the  wave  of  advance.  Equally  well  docs 
the  glacier  flood  hypothesis  explain  the  abrupt  beginning  and  abrupt  ending  of  the 
transformation,  for  the  advance  would  not  begin  until  the  thrust  was  applied,  and  its 
effects  would  terminate  soon  after  the  wave  had  swept  on. 

Since  the  glacier  flood  hypothesis  explains  all  the  facts,  while  other  hypotheses  fail 
in  significant  respects,  we  believe  that  it  occupies  a  strong  pK>sition.  There  are,  how- 
ever, two  objections  which  will  appeal  more  or  less  strongly  to  those  who  give  this 
hypothesis  consideration.  One  of  these  is  the  rapidity  with  which  the  breaking  ex- 
tended throughout  the  glaciers.  It  is  to  be  noted,  however,  that  this  objection  would 
be  equally  strong  against  either  of  the  other  theories.  The  rapidity  of  progress  of  the 
advance  and  breaking,  when  once  begun,  is  a  fact  fully  established  by  observation,  and 
whatever  theory  is  proposed  in  explanation  of  the  change  must  of  necessity  assume 
that  the  cause  was  capable  of  operating  with  the  rapidity  observed.  So  far  as  we  can 
see  it  is  fully  as  easy  to  conceive  such  a  rapid  transformation  under  the  glacier  flood 
hypothesis  as  under  any  of  the  other  hypotheses.  In  the  absence  of  more  exact  knowl- 
edge of  the  behavior  of  ice  in  glacier  motion,  it  is  not  possible  to  give  to  this  problem  the 
thorough  consideration  which  it  doubtless  deserves. 

If  we  may  assume  for  glaciers  a  state  of  viscous  flowage  in  those  parts  of  the  ice  under 
sufficient  pressure, — ^which  some  will  deny, — ^it  seems  reasonable  to  infer  that  there 
will  be  an  increase  in  liquidity  under  increase  in  pressure.  Our  hypothesis  is  that  the 
application  of  pressure  from  the  thrust  did  thus  increase  the  liquidity  of  the  ice,  and  to 
a  sufficient  degree  to  bring  about  the  phenomena  of  advance,  thickening  and  breaking 
observed.  This  hypothesis  is  based  upon  the  necessity  of  such  a  result  from  the  phe- 
nomena observed  in  the  field,  which  force  us  to  the  theory  of  viscous  flowage  as  postu- 
lated under  the  glacier  flood  hypothesis.  We  make  no  pretention  of  discussing  the 
physical  aspect  of  the  subject,  and  until  there  is  more  knowledge  and  fuller  agreement 
upon  the  simplest  principles  of  the  behavior  of  ice  in  moving  glaciers  we  feel  that  there 
would  be  little  profit  in  such  a  discussion. 

The  second  objection  which  some  will  urge  to  the  glacier  flood  hypothesis  is  that 
already  hinted  at  in  the  last  paragraph,  namely  the  doubt  whether  glacier  ice  does  under 
any  conditions  behave  as  a  viscous  body.  Upon  this  subject  opinion  is  divided,  and 
while  some  believe  in  viscosity  of  glacier  ice  under  pressure,  others  are  equally  con- 
vinced of  its  impossibility.  Much  has  been  written,  on  this  subject  both  by  physicists 
and  by  geologists,  and  since  the  result  of  this  discussion  has  been  only  to  lead  to  a 
divided  opinion,  and  since  the  discussions  are  accessible  to  all,  and  known  to  most 
students  of  glacial  phenomena,  it  does  not  seem  necessary  to  restate  or  even  abstract 
them  here.  There  are,  however,  some  phenomena  of  direct  observation  in  the  advanc- 
ing glaciers  of  Alaska,  and  some  considerations  deduced  from  these  observations,  which 
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seem  to  us  to  have  such  direct  bearing  on  the  problem  of  glacier  motion,  and  to  point 
to  viscous  flowage  as  the  mode  of  motion,  that  we  deem  them  worthy  of  specific  state- 
ment in  this  connection. 

Evidence  of  Viscosity.  If  it  is  granted  that  there  has  been  actual  transfer  of  material 
in  the  advancing  glaciers  of  Yakutat  Bay,  and  the  facts  render  no  other  conclusion 
possible,  we  may  ask  whether  any  of  the  other  theories  of  glacial  motion  than  that  of 
viscous  fiowage  are  capable  of  accounting  for  the  abrupt  transfer  of  ice  to  such  a 
degree  and  extent  as  is  observed?  As  a  result  of  our  consideration  of  this  question  we 
have  been  forced  to  the  conclusion  that  no  other  mode  of  motion  than  viscous  flowage 
can  be  appealed  to  in  explanation  of  the  thickening,  spreading,  and  advance  of  these 
glaciers.  We  are,  of  course,  open  to  conviction  of  error  in  this  conclusion  if  it  can  be 
shown  by  those  who  accept  other  theories  of  glacial  motion  that  any  one  of  them  can 
explain  the  phenomena  of  the  advancing  glaciers.  The  motion,  whatever  its  nature 
may  have  been,  must  explain  the  faulting  and  linear  crevasses  on  the  Lucia  Glacier, 
the  increase  of  breaking  along  the  margin  and  the  piling  up  of  ice  on  the  stoss  side  of 
the  Lucia  nunatak.  It  must  explain  the  system  of  crescentic  crevasses  in  the  Atrevida 
Crlacier  piedmont  bulb,  and  the  pronounced  thickening  and  spread  of  this  bulb  and  that 
of  the  Variegated  Glacier.  Further,  it  must  account  for  the  rapidity  of  all  the  changes 
and  the  notable  forward  motion  of  the  fronts  of  Haenke  and  Hidden  Glaciers,  one  and 
two  miles  respectively.  All  these  phenomena  are  but  natural  and  simple  results  of 
viscous  flowage  if  once  the  possibility  of  this  is  granted;  are  they  also  capable  of  expla- 
nation on  the  basis  of  other  theories  of  glacier  motion?  We  cannot  conceive  that  they 
are  and,  consequently,  because  of  the  failure  of  other  hypotheses  are  driven  to  believe 
in  viscous  flowage  as  the  mode  of  motion  in  these  advancing  glaciers. 

In  addition  to  this  consideration,  there  are  some  significant  facts  bearing  on  the 
problem  of  the  mode  of  motion  of  the  glaciers.  One  of  these  is  the  appearance  of  clear 
ice  areas  in  parts  of  the  glacier  surface  which  prior  to  the  advance  were  overspread  with 
ablation  moraine.  This  is  observed  on  the  Variegated  Glacier  bulb  where  previously- 
existing  moraines  were  swept  forward,  the  area  of  clear  ice  extended  beyond  the  moun- 
tain valley  to  a  portion  of  the  surface  formerly  covered  by  moraine,  and  a  new  area  of 
clear  ice  introduced  between  moraines  far  out  in  the  area  of  former  ablation  moraines. 
It  is  even  more  clearly  illustrated  in  Atrevida  Glacier,  where  an  extensive  area  of  clear 
ice  appeared  in  1906  in  the  midst  of  moraine-covered  ice  and  in  a  position  where  in 
1905  there  was  a  uniform  sheet  of  ablation  moraine.  Here  also  the  ice  layers  are  highly 
inclined  as  if  there  was  uprising  from  below.  We  can  readily  explain  these  facts  on  the 
hypothesis  of  viscous  under-flowage  and  local  uprising  of  ice  from  below,  pushing  the 
moraine-covered  ice  aside  in  certain  favorable  localities,  the  ice  becoming  crevassed 
after  it  rose  to  the  surface  and  was  released  from  strain,  as  1906  photographs  show. 
We  are  wholly  at  a  loss  to  account  for  it  on  any  other  mode  of  ice  motion. 

That  the  lower  ice  of  a  glacier  is  in  a  state  resembling  plasticity,  and  wholly  in 
contrast  to  the  upper  ice,  is  suggested  by  the  crevasses  which  break  so  many  glacier 
surfaces.  But  in  the  advancing  glaciers  of  Yakutat  Bay  we  have  a  better  chance  of 
studying  and  understanding  these  crevasses  than  usual.  They  did  not  exist  before  the 
advance,  they  were  then  developed  in  extraordinary  numbers,  and  then  at  once  their 
cause  ceased  and  they  began  to  be  destroyed  by  the  ablation  of  the  ice  surface.  The 
conditions  under  which  these  crevasses  were  developed,  we  may  fairly  assume,  were 
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such  as  to  give  rise  to  the  deepest  possible  breaking.  We,  therefore,  have  observational 
data  for  tracing  the  life  history  of  a  system  of  profound  crevasses;  and  the  result  is^ 
what  is  well  known  from  the  study  of  other  crevasses  more  normally  produced, — namely^ 
that  they  are  mere  surface  fissures  in  the  very  upper  parts  of  the  glacier.  One  or  two 
hundred  feet  of  ablation  lowers  the  ice  surface  to  their  bottoms,  and  below  that  the 
ice  is  unbroken.  Yet  surely  the  lower  ice  was  subjected  to  a  profound  straining  ot 
such  abrupt  nature  that  it  should  have  responded  by  Assuring  if  its  condition  had  per- 
mitted. Ice  in  a  state  of  plasticity  such  as  the  theory  of  viscous  flowage  demands* 
could  not  be  fissured  by  even  the  abrupt  and  powerful  strains  which  accompanied  the 
advance  of  the  glaciers;  but  ice  in  a  condition  demanded  by  theories  not  involving  a 
stat^  of  plasticity  would  be  expected  to  yield  to  such  strains  by  fissuring. 

We  cannot  observe  the  condition  of  glacier  ice  in  motion,  and  experimentation  has. 
so  far  not  even  approximately  duplicated  the  conditions  existing  in  the  interior  and 
bottoms  of  glaciers.  These  facts  account  in  part  for  the  failure  of  inferences  from 
theoretical  considerations  of  the  problem  to  bring  forth  results  which  are  convincing  Uy 
all.  In  these  studies  of  the  problem,  known  facts  have  been  considered  in  the  develop- 
ment of  theory,  but  the  facts  are  partly  unknown,  and  there  is  necessity  of  assumption 
which  if  incorrect  removes  the  foundation  of  the  theory.  In  all  of  the  theories  of  glacial 
motion  there  are  assumptions  upon  which  there  is  not  general  agreement, — whence  the 
failure  of  even  the  most  elaborately  argued  theories  to  receive  universal  acceptance. 
The  theory  of  viscous  flowage  has  lost  favor  with  some  students  of  the  subject  of  glacial 
motion  by  reason  of  the  fact  that  glacier  ice  is  a  crystalline  rock;  and  the  assumption 
has  been  made  that  this  condition  and  the  supposed  inability  to  hold  stones  in  the 
bottom  and  perform  glacial  erosion  are  incompatible  with  viscosity.  Partly  upon  the 
basis  of  these  assumptions  several  elaborate  hypotheses  have  been  put  forth  as  a  sub- 
stitute for  the  theory  of  viscous  flowage,  which  has  numerous  adherents. 

Still  maintaining  our  determination  not  to  enter  into  a  discussion  of  the  literature 
on  the  physics  of  glacier  motion,  and  confining  ourselves  primarily  to  a  statement  of 
facts  of  observation  and  the  conclusions  to  which  they  lead,  we  will  state  some  facts^ 
observed  in  the  Yakutat  Bay  region  which  we  believe  have  a  direct  bearing  on  the 
problem  of  the  condition  of  glacier  ice.  While  there,  as  in  other  regions,  we  cannot 
make  direct  observations  on  the  condition  of  a  large  glacier  from  top  to  bottom,  we 
nevertheless  have  samples  of  the  glacier  ice,  from  different  parts  of  the  glacier,  supplied 
to  us  for  observation  in  the  form  of  innumerable  icebergs,  floating  in  the  waters  of  the 
fiord  and  stranded  on  its  beaches.  From  a  study  of  these  and  of  the  clear  glacier 
surfaces,  sides  of  crevasses,  and  ice  cliffs  of  the  glaciers  we  can  form  some  idea  of  the 
nature  of  the  glacier  from  top  to  bottom. 

The  largest  of  the  glaciers,  the  Hubbard,  presents  an  ice  cliff  of  marble  whitenesa^ 
some  three  hundred  feet  high,  the  upper  half  more  or  less  profoundly  crevassed.  What 
lies  beneath  the  water  level  is  hidden,  but  the  appearance  of  icebergs  black  with  debris, 
and  the  abundance  of  d6bris-charged  bergs  in  the  waters  of  the  fiord  lead  us  to  conclude 
that  the  very  lowest  layers  are  heavily  burdened  with  morainic  materials.  Among^ 
the  thousands  of  icebergs  floating  in  the  fiord  and  stranded  on  its  shores  about  two- 
thirds  are  whitish  and  one-third  are  glassy,  as  shown  by  repeated  observations  at 
favorable  localities  (PL  LXXIX,  B).  Some  large  bergs  are  entirely  glassy,  some  entirely 
whitish,  and  some  have  bands  of  white  and  glassy  ice,  the  proportions  varying  in  dif- 
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ferent  bergs.  The  white  bergs  owe  their  color  to  the  presence  of  great  numbers  of 
included  air  bubbles,  all  of  small  size,  and  often  veiy  closely  spaced;  the  glassy  bergs 
have  fewer  air  bubbles  and  sometimes  none  at  all.  In  general  the  white  bergs  are  the 
more  finely-crystalline,  though  many  of  them  are  coarsely-ciystalline;  but  the  glassy 
bergs  are  always  coarsely-ciystalline.  We  assume  that  the  air  bubbles  of  the  white 
bergs  represent  air  imprisoned  in  the  course  of  snow  accumulation  in  the  upper  por- 
tions of  the  glacier  and  included  in  the  ice  during  its  crystallization. 

Why  is  there  this  difference  in  the  ice  from  the  same  glaciers?  The  obvious  answer 
is  that  it  is  due  to  position  in  the  glacier,  the  glassy,  coarsely-crystalline  bergs  being 
from  the  lower  ice,  the  more  finely  ciystalline,  air-charged,  white  ice  from  the  upper 
portion;  but  in  those  frontal  portions  of  glaciers  where  ablation  has  removed  much  of 
the  upper  ice,  coarsely-ciystalline  ice  forms  the  surface.  This  conclusion  is  supported 
by  two  facts:  (1)  the  part  of  the  glacier  front  above  the  water  in  the  ice  cliffs  is  white; 
(2)  although  some  white  bergs  contain  debris,  the  most  heavily  charged  icebergs  are 
invariably  glassy.  The  problem  then  resolves  itself  into  the  question,  why  b  the  upper 
ice  charged  with  air  bubbles  while  in  the  lower  ice  there  is  no  such  abundance  of  air 
bubbles?  We  have  tried  to  conceive  of  conditions  under  which  this  difference  in  ice 
condition  could  be  brought  about.  It  is  inconceivable  that  the  lower  ice  originally 
contained  less  imprisoned  air  than  the  upper  ice,  for  it  is  from  the  same  source  of  snow- 
fall, compacted  and  consolidated  into  the  crystalline  ice.  We  are  forced  to  conclude, 
therefore,  that  the  air  originally  included  in  the  lower  region  of  glassy  ice  has  been 
eliminated  in  the  course  of  development  of  the  coarsely-crystalline  structure.  That 
such  elimination  has  been  in  progress  within  the  glacier  is  indicated  by  the  fact  that 
air  bubbles  are  present  in  great  abundance  in  some  coarsely-crystalline  ice  and  in  all 
the  finely-crystalline  bergs.  By  this  fact  we  are  forced  to  the  conclusion  that  in  some 
parts  of  the  ice  there  are  unusual  conditions  which  permit  the  elimination  of  included 
air  bubbles  and  that  these  conditions  prevail  mainly,  if  not  entirely,  in  the  bottom 
layers  of  the  glacier. 

From  the  consideration  of  the  problem  which  we  have  been  able  to  give  we  can  find 
but  one  explanation  that  is  capable  of  accounting  for  these  facts.  We  accordingly 
propose  as  an  hypothesis  that  the  lower  portion  of  the  glacier  is  in  a  condition  of  suffi- 
cient viscosity  to  force  the  escape  of  the  included  air  bubbles,  which,  rising,  become 
included  in  the  upper  area  of  viscosity,  giving  rise  to  that  layer  of  ice  from  which  some 
of  the  whitest  icebergs  are  derived.  Whether  the  coarsely-crystalline  structure  is 
present  in  the  viscous  ice,  or  whether  it  develops  as  the  front  of  the  glacier  is  neared, 
and  the  pressure  relieved,  is  not  indicated  by  any  facts  which  we  have  observed. 

From  the  above  statement  of  facts,  and  from  the  consideration  of  the  inferences 
which  seem  to  be  warranted  from  them,  we  are  led  from  various  points  of  view  to  the 
same  result.  We  are  wholly  unable  to  understand  the  phenomena  observed  in  the 
Yakutat  Bay  region  without  resort  to  the  theory  of  viscous  fiowage.  By  this  theory 
all  phenomena  are  readily  explained,  while  by  any  other  theory  we  find  ourselves  con- 
fronted by  grave  difficulties  in  accounting  for  some  of  the  phenomena.  We  are,  there- 
fore, forced  to  believe  that  the  theory  of  viscous  ice  motion  has  foundation,  and  that 
the  phenomena  of  the  advancing  glaciers  of  Yakutat  Bay  are  an  expression  of  an  unusu- 
ally active  phase  of  such  fiowage. 

Lack  of  Similar  Advance  Elsewhere.    Were  it  not  for  the  spectacular  nature  of  the 
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transformation  of  the  advancing  Yakutat  Bay  glaciers  it  might  be  urged  against  the 
theory  of  advance  under  the  impulse  of  earthquake  shaking  that  the  fact  that  analogous 
advance  in  other  regions  had  not  been  observed  was  opposed  to  this  theoiy.  Such  an 
objection  would  have  some  force  if  the  advance  were  the  result  of  ordinary  changes,  ta 
be  commonly  expected  in  regions  of  glaciation;  but  it  lacks  force  in  view  of  the  excep- 
tional conditions  under  which  such  an  advance  is  possible.  Only  by  the  combination 
of  vigorous  earth  shaking  and  heavy  snow  cover  in  unstable  positions,  can  such  a  notable 
advance  be  brought  about.  The  latter  condition  is  commonly  present  in  the  higher 
mountains  from  which  good-sized  glaciers  flow,  though  rarely  in  such  a  degree  as  in  the 
Alaskan  coast  ranges;  but  vigorous  earth  shaking  is  not  so  common.  Even  in  Alaska^ 
a  region  of  abundant  earthquakes,  such  shaking  as  that  of  1899  must  be  rare;  and 
although  we  have  record  of  many  earthquakes,  both  before  and  after  1899,  we  have 
heard  of  no  shaking  in  Alaska  between  1788  and  1918  that  equals  this  period  either  in 
intensity  or  in  duration.  The  Alps,  whose  glaciers  have  been  studied  with  greater  care 
and  for  a  longer  time  than  any  other  region,  is  not  a  section  of  abundant,  great  earth- 
quakes. In  other  regions  of  earthquake-shaken  mountains,  like  the  Caucasus  and  the 
Himalayas,  the  glaciers  have  been  little  studied.  We  hold,  therefore,  that  in  some 
glacial  regions  an  advance  even  approximating  that  of  the  Yakutat  Bay  glaciers  is  not 
to  be  expected;  and  even  in  those  regions  where  a  similar  transformation  may  be  looked 
for,  it  could  come  only  at  intervals  many  years  apart.  It  is  our  opinion,  that  the 
phenomenon,  in  anything  like  the  degree  observed  in  the  Yakutat  Bay  region,  is  of 
rare  occurrence,  which  is  the  main  reason  why  it  has  not  hitherto  been  observed. 

There  is  the  further  fact  that  the  cycle  of  the  advance  is  completed  in  such  a  brief 
period  of  time  that  an  observer  must  be  on  hand  at  just  the  right  time  to  detect  it, 
and  he  must  have  knowledge  of  the  previous  condition  of  the  glacier  and  the  position 
of  its  front.  For  instance,  if  we  had  not  had  Russell's  description  and  photographs 
of  1890  and  1891  we  would  not  have  known  of  the  change  in  Galiano  Glacier;  had 
Gilbert  not  observed  Variegated  Glacier  in  1899  and  we  in  1905,  we  would  in  1906 
have  naturally  assumed  that  the  broken  condition  was  normal  to  it.  Similar  state- 
ments might  be  made  about  the  other  advancing  glaciers.  Moreover,  even  if  we 
had  previous  observations  as  a  basis  for  comparison,  since  the  advance  stops  so 
abruptly,  in  a  year  or  less,  not  going  on  for  several  years,  as  under  normal  climatic 
control,  and  since  ablation  so  quickly  heals  the  broken  surface,  a  cycle  of  advance 
might 'pass  completely  without  detection,  if  the  period  between  observations  were 
five  or  ten  years.  It  is  also  to  be  noted,  that  if  a  glacier  surface  were  normally  cre- 
vassed,  as  Hubbard,  Turner,  and  Nunatak  Glaciers  are,  the  evidence  of  change 
would  not  be  so  easy  of  detection  as  in  the  uncrevassed,  stagnant  glacier  ends. 

By  good  fortune  our  expeditions  to  Yakutat  Bay  were  timed  just  right  for  the  detec- 
tion of  the  advances,  and  they  had  the  advantage  of  having  available  the  results  of 
the  previous  expeditions  by  Russell  and  Gilbert.  There  may  have  been  similar  ad- 
vances in  other  remote  regions  of  heavy  snowfall  and  great  earthquakes,  say  in  Alaska, 
or  the  Caucasus,  or  the  Himalayas,  which  have  failed  of  detection  because  of  the  lack 
of  successive  expeditions  properly  timed  to  note  the  evidences  of  change.  Hence,  not 
only  are  there  few  regions  where  spasmodic  advance  of  glaciers  in  response  to  earth- 
quake shaking  is  to  be  expected,  and  even  there  only  at  long-separated  intervals;  but 
the  chance  of  discovery  of  the  evidence  of  such  advance,  and  the  correlation  of  it  with 
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its  cause,  in  those  remote  regions  where  the  conditions  are  favorable,  but  which  are  as 
yet  little  studied,  is  so  slight  that,  even  though  advance  occurs,  it  may  be  undetected. 

Other  Advancing  Glaciers.  With  the  discovery  of  a  new  cause  for  the  advance  of 
glaciers,  which  cannot  have  been  considered  in  the  explanations  of  glacier  advances 
observed  prior  to  this,  we  naturally  consider  the  question  whether  the  new  theory  will 
not  explain  some  of  the  old  advances.  We  have  not  found  time  to  make  an  exhaustive 
study  of  the  literature  of  advancing  glaciers  outside  of  Alaska  to  see  whether  there  are 
indications  that  this  new  theory  will  apply  to  any  of  the  old  cases.  We  have  been 
deterred  from  undertaking  it  partly  because  of  the  desire  to  have  the  theory  discussed 
and  further  observations^jnade  first,  and  partly  because  there  seems  at  least  an  even 
chance  that  such  a  study  of  the  literature  would  end  only  in  inconclusive  results,  since 
critical  observations  may  not  be  recorded.  It  is,  for  example,  possible  that  the  reported 
great  advance  of  some  of  the  Himalayan  glaciers,  and  the  notable  advance  and  trans- 
formation of  Sefstr5m  Glacier  in  Spitzbergen  between  1882  and  1896,  and  of  the  neigh- 
boring Wahlenberg  Glacier  between  1896  and  1908,  while  other  neighboring  glaciers 
were  receding,  may  be  a  response  to  the  influence  of  earthquake  shaking  of  an  unde- 
termined period. 

There  are  two  points  of  a  general  nature  bearing  on  this  subject  which  we  wish  to  make 
before  considering  the  possible  extension  of  the  earthquake  theoiy  to  other  advancing 
glaciers  of  Alaska.  One  of  these  is  the  proposition  that  in  small  glaciers  with  broad 
reservoirs,  like  the  Vemagt  Glacier  in  the  Tyrol,  the  phenomena  of  advance  as  the  result 
of  the  fall  of  unusual  numbers  of  avalanches  without  earthquake  shaking  would  imitate 
those  of  the  advance  of  larger  glaciers  under  the  impulse  of  more  avalanching  under 
vigorous  earthquake  shaking.  Two  cases  of  the  latter  sort  are  the  little  Bove3rre  Glacier 
in  Valais,  Switzerland,  which  advanced  because  of  great  increase  of  material  due  to  an 
avalanche,  and  the  Stutfield  Glacier  of  Canada  which  advanced  about  half  a  mile  and 
destroyed  a  fringing  forest,  when  covered  with  dibris  by  great  avalanches. 

The  second  proposition  is  that  in  larger  glaciers  moderate  avalanching  under  the  influ- 
ence of  moderate  earthquake  shaking  would  result  in  a  response  of  far  less  vigor  and 
extent  than  that  observed  in  the  Yakutat  Bay  glaciers.  If  this  proposition  is  correct^ 
it  is  reasonable  to  expect  that  some  advances  of  moderate  amount,  and  even  without 
accompanying  breaking  of  the  surface,  may  follow  earthquake  shaking  in  the  snowfield 
region.  It  is  well  established  that  there  are  moderate  fluctuations  of  glacier  fronts  in  the 
Alps,  and  elsewhere,  as  a  result  of  climatic  variations;  but  there  are  also  exceptional 
changes  in  position  of  the  ice  fronts.  The  application  of  the  avalanche  theoiy,  either  as 
a  result  of  earthquake  shaking  or  of  other  cause,  to  some  such  variations  in  glaciers  is 
possible.     It  will  be  interesting  to  see  the  theory  put  to  a  test  in  some  such  case. 

In  Alaska,  outside  the  Yakutat  Bay  region,  there  have  been  many  changes  in  the  posi- 
tion of  glacier  fronts  within  the  period  of  observation,  and  some  of  these  may  be  due  to 
the  effects  of  earthquake  shaking.  Unfortunately  observations  on  most  of  these  glaciers 
are  of  too  limited  a  nature,  and  for  too  short  a  time,  and  our  knowledge  of  the  extent  and 
nature  of  preceding  earthquake  shocks,  and  of  the  amoimt  and  variation  of  the  snowfall 
of  the  Alaskan  coastal  region,  is  too  slight  to  permit  us  to  enter  into  a  full  or  conclusive 
discussion  of  the  possible  cause  for  these  variations.  Yet  there  are  some  notable  facts 
leading  to  tentative  conclusions,  which  may  be  stated. 

In  1892  Russell  wrote  his  paper  on  Climatic  Changes  Indicated  by  the  Glaciers  of 
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North  America,^  in  which  he  states  that  **  the  evidence  that  a  general  retreatof  the  gladen 
of  Alaska  is  still  in  progress  is  abundant,  and  in  a  few  instances  of  quantitative  value. " 
In  Alaska  the  only  advances  mentioned  by  Russell  were  the  comparatively  recent  ad- 
vance of  part  of  the  border  of  Malaspina  Glacier  near  Ft.  Manby,  from  which  the  ice 
had  retreated  1500  feet  in  1891  when  observed  by  Russell,  and  the  advancing  Frederika 
Glacier  of  the  Wrangell  Mountains,  observed  by  Hayes  in  1891,  and  cited  by  Russdl  as 
''the  only  instance  of  an  advancing  glacier  known  on  the  west  coast  of  North  America/' 
He  concludes  that  ''the  data  relating  to  both  the  fluctuations  of  glaciers  and  to  climatic 
changes  are  inadequate  for  satisfactory  comparison,"  and  that  "the  growth  of  glaciers 
and  the  initiation  and  decline  of  glacial  epochs,  are  caused  by  veiy  gradual  climatic 
changes  which  would  only  become  conspicuous,  as  climatic  changes  are  now  studied, 
after  the  lapse  of  centuries. " 

Gilbert.,  after  his  glacier  studies  in  1899,*  when  he  mentions  a  few  other  advances  and 
retreats  not  cited  by  Russell,  concluded  that  the  lack  of  parallelism  between  variations 
of  glaciers  and  different  groups  of  glaciers  in  Alaska  whose  disparities  are  of  larger  scale 
than  those  of  the  Alps,  just  as  the  gladation  is  of  larger  scale,  might  not  be  explained  by 
either  of  two  prominent  climatic  hypotheses,  to  each  of  which  there  are  difficulties  of 
application  because  the  glacial  and  climatic  data  are  indefinite,  and  because  in  climatic 
units  in  Alaska  there  is  no  known  unity  of  glacier  variation.  He  felt,  however,  that  the 
explanation  must  be  climatic  rather  than  diastrophic  and  made  a  suggestion  that  "the 
<*ombination  of  a  climatic  change  of  a  general  character  with  local  conditions  of  varied 
character,  may  result  in  local  glacier  variations  which  are  not  only  unequal  but  opposite.  '* 
The  climatic  change  postulated  is  a  change  in  the  temperature  of  the  water  of  the  Gulf  of 
Alaska.  With  the  water  becoming  warmer  and  all  other  factors  affecting  gladation 
remaining  unchanged,  "the  consequences  would  include: 

1.  A  higher  temperature  for  the  air  currents  flowing  from  the  gulf  to  the  land. 

2.  A  greater  contrast  in  temperature  between  the  coastal  belt  and  the  interior  of  Alaska, 
especially  in  winter. 

S.  Greater  evaporation  from  the  ocean  and  a  higher  humidity  for  the  landward-flowing 
air — resulting  from  1. 

4.  Greater  precipitation  on  the  mountains,  especially  in  winter — resulting  from  2  and  3. 

5.  A  shorter  annual  period  in  which  precipitation  takes  the  form  of  snow — ^resulting 
from  1. 

6.  A  (probably)  lower  ratio  of  snow  to  rain — resulting  from  5,  qualified  by  4. 

7.  A  higher  snow  line. 

8.  More  rapid  waste  of  ice  and  snow  by  evaporation  and  melting — resulting  from  1,  5 
and  7. 

Of  these  consequences,  the  increase  of  precipitation  would  tend  to  enlarge  glaciers, 
while  the  lessened  ratio  of  snow  precipitation  and  the  enhanced  wasting  would  tend  to 
reduce  them. 

Evidently  a  lowering  of  the  temperature  of  the  gulf  water  would  be  followed  by  the 
reverse  consequences.  '* 

As  is  shown  in  other  chapters  of  this  book,  there  have  been  many  other  glacial  advances 

1  RusaeU,  I.  C,  Amer.  Geol.,  Vol.  IX,  1892,  pp.  Sft%-9S6;  Glaciers  of  North  America,  Boston,  1896,  pp.  146- 
159. 
t  Gflbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  m,  1904,  pp.  109-112. 
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in  Alaska,  besides  those  in  Yakutat  Bay.^  For  example,  Muir  Glacier  advanced  about  800 
yards  between  1890  and  189£;  Patterson  Glacier  was  advancing  and  destroying  trees  in 
1891;  Taku  Glacier  had  a  slight  net  advance  between  1890  and  1905;  Brady  Glacier 
advanced  5  miles  between  1794  and  1894,  the  destruction  of  trees  being  in  progress  in 
1880;  LaPerouse  Glacier  was  advancing  and  destroying  forest  in  1895,  but  ceased  before 
1899,  readvancing  into  the  forest  once  more  between  1909  and  1910;  two  of  the  Lituya 
Bay  glaciers  advanced  two  and  a  half  and  three  miles  respectively  between  1786  and  1894, 
one  advancing  another  half  mile  between  1894  and  1906;  the  Alsek  river  terminus  of  the 
Grand  Pacific  through-glacier  was  advancing  and  destroying  forest  in  1908;  another  gla- 
cier coming  into  the  Alsek  valley  from  the  west,  and  connected  with  the  Hidden-Nunatak- 
Yakutat  glacier  system,  though  inactive  in  1906  and  1908,  possibly  advanced  in  1909;  a 
small  glacier  opposite  the  Frederika  Glacier  in  the  Wrangell  Mountains  was  advancing  in 
1908;  Childs  Glacier  advanced  in  1910;  Logan  Glacier,  north  of  Mt.  St.  Elias,  advanced  in 
1912,  after  at  least  200  years  of  inactivity;  Rainy  Hdlow  Glacier  advanced  2000  feet  in  8 
months  in  1910;  Rendu  Glacier  in  Glacier  Bay  advanced  1}  miles  between  1907  and  1911 ; 
an  adjacent  cascading  glacier  advanced  \  mile  in  1911 ;  Grand  Pacific  Glacier  advanced 
about  4000  feet  between  August,  1912,  and  September,  1918,  and  three  other  ice  tongues 
in  Glacier  Bay  were  moving  forward  in  1918.  In  these  and  many  other  parts  of  Alaska 
some  glaciers  have,  in  general,  been  retreating  steadily  within  historic  times. 

Our  own  view  would  now  be  that  any  or  all  of  the  advances  of  Alaskan  glaciers  cited 
might  be  due  to  earthquake  avalanching  rather  than  climatic  variations,  the  earthquake 
data  being  no  more  incomplete  than  the  climatic  data.  Indeed,  in  view  of  the  Yakutat 
Bay  cases,  the  greater  advances,  such  as  the  20  mile  advance  of  Malaspina  Glacis 
described  in  Chapter  III,  the  5  mile  movement  of  Brady  Glacier  and  the  2  to  8  mile 
advances  of  the  Lituya  Bay  glaciers,  are  far  more  suggestive  of  spasmodic  earthquake 
advances  than  of  climatic  variation,  and  some  of  the  smaller  ones  may  be  due  to  earth- 
quakes and  some  to  climatic  oscillations.  These  glaciated  mountains  are  known  to  be 
frequently  shaken  by  severe  earthquakes.* 

If  avalanching  during  the  1899  earthquakes  of  Yakutat  Bay  caused  the  advance  of  the 
glaciers  tliere  during  the  ensuing  ten  or  more  years,  then  it  ought  to  be  carefully  con- 
sidered whether  similar  avalanching  in  the  snow-laden  Fairweather  Range  might  not  have 
caused  the  2  and  3  mile  advances  of  the  Lituya  Bay  glaciers  between  1786  and  1894  as  a 
result  of  the  earthquakes  felt  at  Sitka  in  either  1843,  1847,  1861,  or  1880;  whether  the 
same  earthquake  did  not  cause  avalanching  which  resulted  in  the  5  mile  advance  of  Brady 
Glacier  between  1794  and  1894;  and  whether  the  earthquake  of  1900  in  the  Chugach 
Mountains  did  not  similarly  cause  the  slight  advances  of  Valdez,  Shoup,  Columbia  and 
adjacent  glaciers,  as  some  earlier  earthquake  may  have  caused  the  1892  advance  of 
Columbia  Glacier,  the  1890-92  advance  of  Muir  Glacier,  and  the  others  cited.  Many  of 
the  minor  oscillations  like  the  last  mentioned  might  be  climatic,  though  that  leaves  their 
localization  unexplained.  It  is  just  as  logical  to  assume  that  they  were  not  climatic, 
since  the  earthquake  explanation  does  account  for  the  localization,  as  it  is  to  assign 
to  them  a  climatic  cause. 

>  For  a  more  complete  list  of  such  adyances,  see  Martin,  Lawrence,  Guidebook  No.  10,  Excursion  C  8, 
International  Geological  Congress,  Ottawa,  191S,  pp.  157-162. 

>  Martin,  Lawrence,  The  Alaskan  Earthquakes  of  1899,  Bull.  Geol.  Soc.  Amer.,  Vol.  XXI,  1910,  pp.  389- 
406;  Tarr,  R.  S.  and  Martin,  Lawrence,  Professional  Paper  69,  U.  S.  Geol.  Survey,  1912. 
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Application  to  Former  Greater  Expansion  of  Olaciera.  In  Yakutat  Bay  itself  there 
has  been  a  comparatively  recent  advance  of  the  glaciers,  during  which  Nunatak  and 
Hidden  Glaciers  pushed  forward  until  they  united  and  extended  their  combined  gla- 
cier front  far  up  Russell  Fiord.^  The  Russell  Fiord  Glacier  was  then  between  15  and 
20  miles  farther  down  the  fiord  than  the  front  of  Nunatak  Glacier  has  been  at  any 
time  since  its  discovery,  and  between  10  and  15  miles  farther  than  Hidden  Glacier 
front.  The  expansion  of  Turner  and  Hubbard  Glaciers  may  have  been  less  notable, 
but  still  great,  a  branch  of  the  expanded  Hubbard- Variegated  Glacier  perhaps  joining 
the  Russell  Fiord  Glacier.  The  evidence  of  this  advance  is  a  series  of  stratified  glacial 
gravels  overridden  by  the  ice  and  thereby  sculptured  by  glacial  erosion  and  veneered 
by  a  deposit  of  unassorted  till,  bowlders,  and  other  glacial  debris,  while  at  the  head  of 
Russell  Fiord  is  an  abandoned  lake  beach,  formed  by  the  waters  held  in  behind  the  ice 
dam.  That  the  period  of  ice  advance  was  brief  is  proved  by  the  fact  that  its  erosion 
did  not  succeed  in  removing  the  gravels  accumulated  before  the  advance.  Until  1906- 
07  Hidden  Glacier  was  still  receding  from  its  advanced  position,  and  recession  was  still 
in  progress  in  Nunatak  Glacier  till  1909-10.  The  evidence  that  the  recession  had  been 
rapid,  and  that  the  period  even  of  maximum  expansion  was  recent  is  complete,  for  on 
the  outer  part  of  the  area  reached  by  the  glacier,  and  on  and  below  the  level  of  the  lake 
beach,  the  forest  has  not  yet  reached  the  mature  stage,  while  between  this  and  the 
glacier  the  vegetation  diminishes  in  age  and  stage  of  development,  and  for  a  distance  of 
several  miles  from  the  glacier  fronts  only  annual  and  perennial  plants  and  individual 
young  alder  and  willow  bushes  are  growing.  Similar  conditions  occur  in  front  of  Hubbard 
Glacier  in  Russell  Fiord  and  Disenchantment  Bay. 

It  is  noteworthy  that  this  advance  followed  a  period  during  which  the  glacier  fronts  had 
been  farther  back  than  now,  and  which  was  of  such  long  duration  that  mature  forests 
grew  on  the  shores  of  the  fiord  over  which  the  advancing  glaciers  swept,  and  even  up  the 
valleys  where  ice  now  stands,  as  is  conclusively  shown  by  fragments  of  wood  now  being 
carried  out  by  the  glaciers  from  regions  at  present  not  forested. 

Northeast  of  Yakutat  Bay,  on  the  other  side  of  the  St.  Elias  Range,  are  the  Deza- 
deash  and  Kaskawulsh  valleys,  within  which  McConnell^  found  convincing  evidence 
in  1904  of  former,  long,  narrow  lakes  which  he  believes  to  have  been  danmied  by 
the  expanded  glaciers  of  the  upper  Alsek  region,  that  is  by  ice  tongues  connected  with  the 
through-glacier  systems  that  reach  Yakutat  Bay.  The  preservation  of  driftwood  and  the 
lack  of  mature  forest  upon  the  abandoned  lower  beaches  of  these  lakes,  which  were  150 
feet  deep,  and  the  legends  of  the  natives  suggest  that  the  advance  took  place  less  than  a 
hundred  years  ago,  probably  indicating  a  glacial  expansion  here  contemporaneous  with 
the  last  maximum  of  the  Yakutat  Bay  region.  The  youth  of  the  trees  growing  on  these 
lower  beaches,  the  spruces  not  being  over  S  inches  in  diameter,  proves  how  recently  this 
advance  took  place. 

Brooks  recognized  the  beach  terraces  in  1899  as  of  lacustrine  origin,'  but  thought  the 
lake  had  been  drained  by  canyon-cutting  below.    The  discovery  of  better-developed, 

» Tarr,  R.  S.  and  Martin,  Lawrence,  Bull.  Amer.  Geog.  Soc,  Vol.  XXXVIU,  1906,  pp.  161-166;  Tarr,  R.  S.» 
Professional  Paper  64,  U.  S.  Geol.  Survey,  1909,  pp.  125-137. 

>  McConnell,  R.  G.,  The  Kluane  Mining  District,  Geol.  Survey  of  Canada,  Ann.  Rept,  Vol.  XVI,  1904» 
pp.  2A-4A. 

>  Brooks,  A.  H.,  Reconnaissance  from  Pyramid  Harbor  to  Ea^e  City,  Alaska,  21st  Ann.  Rtpt,,  U.  S.  Geol. 
Survey,  Part  II.  1901,  p.  849. 
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higher  beaches  by  McConnell  in  1904»  however,  with  mature  forest  hundreds  of  years 
old  upon  them,  showing  earlier  lakes  800  feet  deep,  suggests  that  the  glacier-dam  explana- 
tion is  correct  and  that  there  had  also  been  still  eariier  advance  and  damming,  perhaps 
contemporaneous  with  the  earlier  and  greatest  advance  of  the  glaciers  in  Yakutat  Bay» 
and  elsewhere  on  the  Pacific  coast.  Still  earlier,  but  perhaps  as  a  part  of  the  same  great 
advance,  the  glaciers  had  been  so  extended  that  the  sites  of  these  lakes  were  completely 
ice-covered.  The  north  side  of  the  St.  Elias  Range,  therefore,  serves  to  show  the  same 
glacial  histoiy  as  the  south  side: — (1)  former  great  expansion  of  glaciers  (perhaps  with 
the  300  foot,  forest-covered  beaches  associated  with  stages  of  ice-barrier  lakes  during 
retreat) ;  (2)  retreat  of  glaciers  (since  we  cannot  assume  that  the  lakes  stood  at  the  150 
foot  stages  long  enough  for  mature  forest  growth  on  the  beaches  above) ;  (8)  readvance  a 
century  or  thereabouts  ago  with  the  formation  of  the  150  foot  and  lower  beaches,  since 
which  there  has  been  continuous  retreat. 

As  shown  by  Wright^  and  by  Reid,'  Glacier  Bay  also  furnishes  evidence  of  a  similar 
succession  of  recent  events  to  that  in  Yakutat  Bay  and  the  north  side  of  the  St.  Elias 
Range,  and  essentially  contemporaneously  with  it.  We  may  therefore  assume  that  the 
last  great  expansion  of  the  glaciers  of  the  east  end  of  the  St.  Elias  Range  was  due  to  a 
cause  which  affected  a  mountain  area  with  a  northwest-southeast  axis  of  at  least  150 
miles  and  a  width  of  over  50  miles.  But  in  Prince  William  Soimd  we  find  no  evidence  of 
recent  glacier  expansion.  There  was  a  period  of  great  early  expansion  corresponding  to 
that  during  which  the  Yakutat  Bay  glaciers  reached  their  greatest  extent,  completely 
filling  the  inlet;  but  this  period  was  centuries  ago.  Mature  forest  now  extends  up  to 
the  fronts  of  some  of  the  glaciers  of  Prince  William  Sound  and  nearly  up  to  the  fronts  of 
others.  They  are,  therefore,  now  almost  as  greatly  expanded  as  at  any  time  within  a 
century  or  two;  and  Columbia  Glacier  is  greater  than  it  has  been  for  a  long  time,  for 
both  at  its  sides  and  front  it  is  encroaching  on  the  mature  forest.  It  is  possible  that  these 
glaciers  are  now  in  a  stage  of  advance  comparable  to  that  of  the  Yakutat  Bay  glaciers 
a  century  or  more  ago. 

Three  possible  explanations  suggest  themselves  to  account  for  this  recent  pronounced^ 
but  brief,  advance  of  the  Yakutat  Bay  glaciers  and  those  in  the  two  neighboring  regions 
cited.  The  first  of  these  is  the  diastrophic  hypothesis,  that  uplift  took  place  and  the 
moimtains  were  raised  so  much  higher  that  the  glaciers  were  thereby  given  greater  snow 
supply.  This  hypothesis  fails  in  one  vital  respect ;  by  it  we  cannot  accoimt  for  the  brevity 
of  the  advance  and  for  the  subsequent  recession.  It  may,  therefore,  be  dismissed  as 
inadequate  to  account  for  the  phenomena,  as  is  the  complementary  hypothesis  of  sub- 
mergence proposed  by  Reid  to  accoimt  for  the  retreat  of  the  Glacier  Bay  ice  tongues. 

The  second  hypothesis  is  the  vague  one  of  climatic  change,  making  no  attempt  to 
explain  why  it  came,  how  it  operated,  or  what  its  exact  nature  was,  but  merely  for  some 
unknown  reason  an  increase  in  snowfall,  or  change  in  temperature,  came  to  these  moun- 
tains and  that  ultimately  the  glaciers  flowing  from  them  responded  by  advancing;  then 
came  diminution  in  snowfall,  or  increase  in  temperature,  and  accompan3aiig  recession. 
Lacking  knowledge  of  the  amoimt  and  nature  of  the  snowfall  and  the  temperature  of  the 
critical  parts  of  the  Alaskan  coast,  as  we  do,  it  is  impossible  to  apply  to  this  theory  the 

I  Wright,  G.  F.,  Ice  Age  in  North  America,  New  York,  1S91,  pp.  51-57. 

t  Reid,  H.  F.,  Studies  of  Muir  Glacier,  Alaska,  Nat.  Geog.  Mag.,  Vol.  IV,  1892,  pp.  84-40;  Glacier  Bay  and 
Its  Glaciers,  16th  Ann.  Rept.,  U.  S.  Geol.  Surv^,  Part  1, 1806,  pp.  488-440. 
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test  of  actual  climatic  records.  It  "would  certainly  seem  remarkable,  thou^,  if  after  a 
long  period  during  which  the  precipitation  was  not  sufficient  to  push  the  glaciers  out  as 
far  as  their  present  termini,  there  came  a  sufficient  increase  in  precipitation  to  push  i^acier 
fronts  forward  15  or  20  miles  or  more,  and  then  after  a  brief  interval,  sufficient  diminution 
in  precipitation,  or  increase  of  temperature,  to  allow  the  glacier  fronts  to  recede  15  or  20 
miles.  Such  a  great  climatic  change  would  of  itself  be  so  remarkable  that  we  ou^t  to 
at  least  see  a  sufficient  reason  for  it.  Failing  that,  the  hypothesis  seems  improbable^ 
and  the  improbability  is  increased  by  the  discovery  of  the  fact  that  the  change  in  the 
glacier  fronts  of  Yakutat  Bay,  and  those  north  of  the  St.  Elias  Range  and  in  Glacier  Bay, 
have  not  been  paralleled  a  few  hundred  miles  to  the  northwest,  in  Prince  William  Sound* 
which  lies  in  the  same  general  climatic  belt  and  whose  heavy  precipitation  is  induced  by 
the  same  meteorological  conditions  that  cause  the  heavy  precipitation  in  the  Yakutat 
and  Glacier  Bay  regions.  While  we  do  not  feel  that  in  this  case,  as  in  the  case  of  the 
hypothesis  of  uplift,  we  can  dismiss  the  hypothesis  as  inadequate,  we  nevertheless  are  of 
the  opinion  that  it  is  highly  improbable  and  to  be  resorted  to  only  when  no  oth^  more 
adequate  explanation  is  possible. 

The  third  hypothesis  is  that  of  earthquake  shaking,  which  at  first  thou^t,  mi|^t 
seem  both  extravagant  and  impossible,  but  in  favor  of  which,  nevertheless,  much  can  be 
said.  By  this  hypothesis  it  is  assumed  that  a  century  or  more  ago  there  was  a  great  and 
long-continued  shaking  of  the  snow-covered  ranges  of  the  mountain  region  from  Yakutat 
Bay  to  Glacier  Bay,  perhaps  in  a  series  of  years,  with  repeated  great  earthquake  shocks. 
By  this  shaking  and  avalanche  overloading  of  the  glaciers  a  wave  of  advance  was  started, 
and  in  consequence  of  each  great  shock  the  advance  was  continued,  until  the  gladera 
reached  their  outermost  positions;  then,  with  cessation  of  vigorous  shaking,  the  ^bders 
receded.  The  earthquake  record  unfortunately  does  not  go  back  quite  far  enou^  for 
correlation  as  to  this  possibility,  the  earliest  recorded  earthquake  which  we  have  seen 
even  mentioned  having  occurred  in  1788. 

This  hypothesis  has  the  one  great  merit  that  the  other  hypotheses  lack:  it  would 
account  for  all  the  phenomena.  By  it  we  can  explain  the  local  nature  of  the  advance, 
its  absence  to  the  northwest,  and  even  the  present  advanced  position  of  Columbia  Glad^r. 
The  hypothesis  would  also  account  for  the  briefness  of  the  advance,  and  for  the  subse- 
quent rapid  recession.  There  appears  to  be  but  one  important  objection  to  the  earth- 
quake hypothesis,  and  that  is  the  stupendous  response  to  it  by  the  glaciers.  It  may  be 
said,  however,  that  the  same  objection  applies  also  to  all  other  hypotheses.  There 
certainly  was  a  great  advance,  difficult  to  explain  by  any  of  the  hypotheses,  and  perhaps 
no  more  difficult  under  this  one  than  under  the  others.  In  1906  the  senior  author  was 
inclined  to  believe  this  hypothesis  so  improbable  that  he  resorted  to  "the  vague  hypoth- 
esis of  climatic  variations, "  but  a  further  consideration  of  the  problem,  and  especially  the 
remarkable  advance  of  Hidden  Glacier,  whose  front  was  pushed  2  miles  farther  out  in 
1909  than  it  was  in  1906,  has  led  both  of  us  to  the  belief  that  the  earthquake  hypothesis 
is  not  so  utterly  improbable  as  to  warrant  discarding  it.  It  is  certainly  conceivable  that 
a  series  of  severe  shakings,  like  those  of  1899,  repeated  through  successive  years,  might 
cause  even  so  great  an  advance  as  the  15  to  20  mile  advance  of  Hidden  and  Nunatak 
Glaciers.  When  we  know  the  nature  of  the  response  that  the  Hubbard  and  Nunatak 
Glaciers  are  going  to  make  to  the  earthquake  shaking  of  1899  we  may  be  better  able  to 
consider  this  hypothesis.    If  they  do  not  advance  greatly  we  should  consider  it  far  less 
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probable  than  we  do  now;  but  if  their  fronts  are  pushed  forward  we  should  be  inclined 
to  consider  this  the  most  rational  of  the  hypotheses  proposed. 

It  is  important  to  note  that  the  former  great  advance  of  Hidden  and  Nunatak  Glaciers 
15  to  20  miles  beyond  their  present  termini  is  not  so  remarkable  as  may  seem  at  first 
thought.  If,  for  instance,  Hubbard  and  Turner  Glaciers  should  be  pushed  out  two  or 
three  miles,  which,  in  view  of  the  recent  advance  of  the  much  smaller  and  less  active 
Hidden  Glacier,  is  certainly  a  conceivable  result  of  advance  due  to  earthquake  shaking, 
the  entire  Russell  Fiord  and  Nimatak  Fiord  would  be  transformed  to  a  lake  by  an  ice 
dam  at  the  head  of  Disenchantment  Bay.  The  tideless,  fresh  water  of  this  lake  would 
cause  less  recession  in  Nunatak  Glacier  than  the  tidal  salt  water  now  does.  Moreover, 
the  lake  water  would  be  much  colder  than  the  waters  of  the  fiord,  which  are  influenced 
by  direct  connection  with  the  ocean.  This  coldness  would  be  increased  by  the  icebergs 
from  Nunatak  Glacier,  which  could  no  longer  escape  to  the  Pacific,  and  by  those  from 
Hidden,  Variegated,  Orange,  and  perhaps  smaller  glaciers  which  would  become  tidal.  It 
is  even  conceivable  that  the  lake  waters  would  be  so  filled  with  floating  ice  that  they 
would  remain  frozen  well  into  the  summer. 

The  effect  of  all  these  conditions  would  be  to  aid  in  the  extension  of  Nimatak  and 
Hidden  Glaciers  in  two  very  important  ways:  (1)  by  greatly  checking  the  discharge  ol 
icebergs  from  the  ice  fronts,  (2)  by  lowering  the  mean  annual  temperature  of  the  region 
near  by,  and  thus  diminishing  ablation  and  increasing  snowfall.  Thus  a  thrust  which 
pushed  Hubbard  and  Nunatak  Glaciers  forward  a  distance  of  only  a  few  miles  might 
result  in  a  far  greater  extensicm  of  Hidden  and  Nunatak  Glaciers.  A  part  of  this  exten- 
sion would  need  no  other  impelling  cause  than  that  which  now  exists;  for  with  lower 
mean  annual  temperature,  and  lessened  iceberg  discharge  the  fronts  of  the  glaciers  would 
necessarily  move  forward  beyond  the  position  which  they  now  hold  as  a  balance  between 
supply  and  wastage  from  ablation  and  iceberg  discharge.  When  the  ice  dam  across 
Russell  Fiord  was  removed  by  recession  of  Hubbard  Glacier,  the  return  of  the  tidal  water 
to  the  margin  of  the  advanced  Nunatak  Glacier  would  inaugurate  recession  at  a  more 
rapid  rate,  and  if  the  cause  for  the  advance  had  by  that  time  died  out,  the  glaciers  might 
be  expected  to  recede  rapidly. 

These  considerations  are  of  course  as  applicable  to  an  advance  by  other  causes  as  to 
an  advance  in  response  to  earthquake  shaking.  But  since  these  associated  phenomena 
make  it  clear  that  so  great  an  advance  as  that  of  Nunatak  and  Hidden  Glaciers  does  not 
necessarily  mean  an  actual  forward  thrust  of  a  glacier  for  15  or  20  miles  by  the  sole  and 
unaided  cause  of  response  to  earthquake  shaking,  they  remove  some  of  the  objection  to 
this  hypothesis  on  the  score  of  the  enormous  forward  movement  which  actually  occurred. 
Only  a  part  of  the  advance  is  assigned  by  this  hypothesis  to  the  direct  thrust;  the  re- 
mainder is  ascribed  to  the  result  of  accessory  conditions  indirectly  the  result  of  advance 
under  the  impulse  of  earthquake  shaking.  With  this  advance,  and  until  further  evidence 
is  available,  we  believe  that  the  earthquake  hypothesis  has  basis  for  retention  as  a  possible 
explanation  of  the  remarkable  advance  of  the  Yakutat  Bay  glaciers,  from  which  these 
glaciers  were  withdrawing  when  the  earthquakes  of  1899  gave  rise  to  conditions  by  which 
new  advance  was  necessitated  in  some  of  them,  and  perhaps,  ultimately,  in  all  the  more 
important  ones. 


CHAPTER  XI 

GLACIATION  OF  THE  YAKDTAT  BAY  REGION 

Intboductobt 

In  the  preceding  chapters  the  main  theme  has  been  the  consideration  of  the  char- 
acteristics  of  individual  glaciers,  with  only  incidental  reference  to  relationships  and  to 
more  general  problems,  the  single  exception  being  the  discussion,  in  Chapter  X,  of  the 
problems  presented  by  the  advancing  glaciers.  There  are,  however,  some  features  com- 
mon to  many  glaciers,  some  phenomena  and  problems  relating  to  the  region  as  a  whole, 
and  some  of  general  interest  because  of  application  to  other  regions.  It  is  the  purpose 
of  this  chapter  to  briefly  treat  these  phenomena  and  problems  topically,  introducing 
such  repetition  of  statements  previously  made  as  is  necessary  for  clear  individual 
presentation.  The  first  group  of  phenomena  and  problems  relate  to  the  characteristics 
of  the  glaciers  themselves;  the  second  to  special  problems  clearly  illustrated  by  certain 
of  these  glaciers;  the  third  to  resemblances  between  the  existing  glacial  phenomena  of 
Yakutat  Bay  and  regions  of  former  glaciation;  and  the  fourth  to  the  glacial  history  of 
the  region. 

CHAaACIEBISTICS  OF  THE  GlACIERS 

As  has  been  pointed  out  specifically  in  Chapter  11,  and  as  is  clear  from  the  descrip- 
tions in  the  succeeding  chapters  there  are  many  different  kinds  of  glaciers  near  Yakutat 
Bay,  differing  greatly  in  size,  rate  of  flow,  and  a  multitude  of  other  characteristics.  No 
matter  how  different  they  may  be,  however,  they  are  all  alike  in  one  important  respect, 
— ^in  some  portion  of  their  course,  often  in  the  middle,  and  sometimes  throughout,  th^ 
are  normal  valley  glaciers.  But  the  valley  glacier  portions  grade  down-stream  to  ter- 
mini which  present  great  differences  in  characteristics;  and  up-stream  there  are  also 
notable  differences  among  the  many  glaciers  of  the  region.  These  variations  will  be 
more  specifically  stated  under  four  headings,  the  cornice  glacier,  the  valley  glacier,  the 
through  glacier,  and  glacier  termini. 

The  Cornice  Glacier,  The  cornice  glacier,  common  in  glaciated  mountain  areas,  is 
characteristically  developed  in  the  Yakutat  Bay  region  in  two  relationships.  First, 
where  it  is  nourished  by  excess  of  snowfall  on  rock  ledges  or  cliffs,  being,  therefore,  due 
to  favorable  topographic  inequality  combined  with  such  a  climatic  factor  as  a  north 
exposure.  This  kind  of  shelf,  or  cornice  glacier  has  conditions  almost  exactly  similar 
to  the  normal  valley  glacier,  of  which  it  forms  an  incomplete  type,  with  surface  plan 
of  great  irregularity  and  some  times  with  a  short  valley  glacier  projecting  from  it. 
Many  of  the  glaciers  of  the  Colorado,  Montana,  and  Canadian  Rocky  Mountains  are 
of  this  sort.  They  are  often  much  larger  in  Alaska,  and  exist  in  hundreds  in  the 
moimtains  of  the  Yakutat  Bay  region,  being  larger  on  north  than  on  south  slopes,  and 
in  the  irregular  heads  of  valleys  than  in  the  smoothly-sculptured  lower  valley  troughs, 
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\diere  intense  glacial  erosion  has  removed  the  ledges.  The  second  condition  is  where 
these  cornice  glaciers  seem  to  be  renmants  of  the  thinner,  shrinking  valley  glaciers  of 
a  region,  and  are  not  nourished  where  they  rest  but  are  slowly  wasting  away  or  remain 
nearly  in  balance  between  snowfall  and  wastage.  Both  types  contain  true  glacial  ice» 
whose  blue  or  green  may  be  seen  in  crevasses.  They  often  move  forward  to  cliff  edges, 
where  fragments  tumble  to  valleys  below.  They  grade  into  the  snowbank  without  ice» 
on  the  one  hand,  and  into  the  true  valley  glacier  on  the  other. 

The  Valley  Glacier,  The  Alaskan  valley  glacier  is  in  no  fundamental  respect  different 
from  its  coimterpart  in  the  Alps,  Caucasus,  Himalayas,  and  other  mountain  regions, 
and  may,  therefore,  be  considered  normal.  There  are,  of  course,  many  differences  in 
reservoir  conditions,  in  number  and  nature  of  tributaries,  in  grade,  in  rate  of  flow,  in 
extent  of  crevassing,  in  size,  and  in  other  less  important  respects.  A  few  in  the  Yakutat 
Bay  region  have  their  sources  in  normal  cirque  reservoirs  among  lofty  moimtains;  more 
flow  from  the  steeply-inclined  snowfield  areas  on  precipitous  mountain  tops  and  slopes; 
some  head  on  the  broad  flat  divides  of  through  glacier  systems.  There  are  so  many 
glaciers  that  do  not  head  in  cirques,  the  snow  supply  is  so  heavy,  and  avalanches  from 
valley  heads  and  walls  are  so  frequent  that  the  bergschrund  is  not  always  well  defined 
near  Yakutat  Bay. 

The  glaciers  are  usually  enclosed  between  steeply-rising  ice-eroded  mountain  slopes, 
from  which  both  snow  and  rock  are  frequently  avalanched  upon  their  surfaces.  The 
snow  line  lies  from  2000  to  8000  feet  above  sea  level,  and  in  all  the  larger  glaciers  a  part 
of  the  actively-moving  ice  stream  lies  above  snow  line,  so  that  the  n£v6  region  is  likely 
to  be  concealed  beneath  the  lower  end  of  the  snowfield.  The  glacier  is  supplied  from  upper 
reservoirs,  from  snowfall  upon  the  glacier  ice  below  these,  from  the  avalanching  of  snow 
from  steeply-rising  enclosing  moimtain  walls,  both  in  and  below  the  reservoir  zone, 
and  from  tributaries.  In  this  region  of  heavy  snowfall  the  glaciers  are  so  well  supplied 
that  even  small  tongues  push  their  termini  practically  to  sea  level,  while  larger  ones 
either  enter  the  sea  or  spread  out  to  the  mountain  base. 

The  valley  glacier  has  the  normal  morainic  load  conmion  to  such  glaciers.  There 
are  medial  moraines  here  and  there,  and  lateral  moraines  are  almost  universally  present, 
while  the  lower  ice  layers  are  heavily  debris-charged.  In  some  of  the  glaciers  conditions 
of  rock  supply  and  ablation  are  so  favorable  that  a  sheet  of  debris  coats  the  lower  glacier 
from  side  to  side,  forming  the  broad  fields  of  ablation  moraine  that  are  more  fully  de- 
scribed and  discussed  in  a  later  section.  In  the  dissipator,  lateral  moraines  become 
etched  into  relief  and  a  marginal  valley  commonly  develops  on  either  margin  of  the  gla- 
cier, in  which  streams  flow  and  deposits  of  complex  nature  are  being  accumulated.  These 
marginal  conditions  are  absent  in  only  a  few  cases,  the  three  most  pronoimced  being 

(1)  where  recent  spasmodic  advance  has  closed  up  marginal  valleys  previously  existing, 

(2)  where  the  glacier  terminates  in  a  cascade  on  the  steep  face  of  the  valley  wall,  and 
(S)  where  the  combination  of  ablation  and  iceberg  discharge  in  an  actively-moving  vall^- 
enclosed  glacier,  cuts  back  into  the  dissipator  too  rapidly  for  the  development  of  marginal 
valleys,  as  is  illustrated  in  Nunatak  Glacier. 

The  deposits  which  would  be  left  in  these  mountain  valleys  if  the  valley  glaciers  should 
melt  out  of  them,  would,  about  the  termini,  be  closely  like  those  of  other  valley  glacier  re- 
gions. There  would  be  a  fairly  thin  sheet  of  groimd  moraine,  more  or  less  well-defined  me- 
dial and  lateral  moraine  bands,  and  marginal  valley  deposits  of  varying  character,  extent » 
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and  form,  according  to  the  conditions  surrounding  their  accumulation  and  the  length  of 
time  occupied  by  it.  One  notable  difference  from  normal  valley  glacier  d^x)sits  wooM 
be  foimd  in  some  of  the  valleys,  in  which  a  sheet  of  somewhat  weathered,  angular  tragmeaats 
would  overspread  the  groimd  moraine.  This,  representing  the  ablation  moraine,  would 
form  a  thin  sheet,  varying  in  thickness  and  with  a  somewhat  hummocky  topograi^. 

The  Through  Glacier.  The  through  glacier  condition  has  already  been  described 
with  such  fulness  that  little  remains  to  be  added  here.  It  is  a  common  condition  in 
the  Alaskan  coast  ranges  to  find  mountain  valleys  so  flooded  with  ice  to  the  divides 
that  one  can  travel  by  fairly  even  grade  from  the  dissipator  of  a  glacier  up  across  a  broad* 
flat  divide-reservoir,  then  down  to  a  dissipator  in  another  valley,  without  being  able  to 
determine  where  the  boundary  line  between  the  two  glaciers  is  to  be  drawn.  Such  is 
the  through  glacier,  occupying  a  through  valley  with  low  divide.  In  some  cases  more 
than  two  ice  tongues  extend  from  a  through  glacier  divide  area.  Because  of  the  exten- 
sive development  of  the  through  glacier  condition  there  is  a  network  of  ice-flooded 
valleys,  the  full  extent  of  which  can  only  be  inferred  in  the  present  state  of  our  knowl- 
edge of  the  Alaskan  coast  ranges  back  from  the  coast. 

The  through  glacier  condition  is  certainly  not  confined  to  the  Alaskan  mountains,  but 
it  is  more  strikingly  developed  there  than  in  any  other  region  of  which  we  have  seen 
description.  Its  extensive  development  here  is  dependent  upon  the  combination  of  three 
very  favorable  conditions,  as  follows : — (1)  the  fact  that  at  a  former  period  the  glacier  sys- 
tems of  the  Alaskan  coast  were  far  more  extensive  than  now;  (2)  the  fact  that  this  period 
of  glacier  expansion  lasted  long  enough  for  extensive  glacial  erosion  to  lower  many  divides; 
and  (S)  the  fact  that,  even  in  the  present  shrunken  condition  of  the  leaders  the  snow- 
fall is  so  heavy  that  both  gladally-deepened  vall^s  and  lowered  divides  are  still  ice 
flooded.  There  is  reason  to  bdieve  that  in  the  former  period  of  expanded  glaciers,  and 
before  the  present  valleys  were  so  deepened  by  glacial  erosion,  ice  currents  streamed 
across  many  divides,  and  in  different  directions  from  now.  Some  of  these  divides  were 
completely  removed  by  erosion,  but  many  were  only  partly  removed;  and  in  the  latter 
case,  as  the  volume  of  the  ancient  glaciers  shrank,  the  time  came  when  some  of  these 
lowered  divide  areas  became  the  flat  ice-divides  of  through  glaciers.  Doubtless  in  other 
cases,  back  among  the  mountains  where,  as  Russell  vividly  describes  it,  the  ice-flooded 
valley  condition  is  so  well  developed,  both  valleys  and  divides  are  still  so  deeply  buried 
beneath  snow  and  ice  that  glaciers  are  streaming  across  divide  areas  and  still  lowering 
divides  between  moimtain  valleys. 

One  of  the  needs  of  Alaskan  glacier  study  is  the  exploration  and  mapping  of  some  of 
the  through  glacier  systems,  for  at  present  we  know  very  little  about  the  conditions  a 
few  miles  back  from  their  termini.  It  will  be  interesting  to  know  more  about  the  source  of 
the  ice  supply,  though  in  all  probability  this  varies  greatly  in  different  glaciers.  Lying, 
as  they  do,  in  broad  valleys  among  extensive,  lofty,  snow-covered  mountains,  it  is  c^- 
tain  that  they  receive  important  avalanche  contributions  from  the  enclosing  mountains, 
as  well  as  contributions  from  tributaries  descending  to  them  from  the  upper  mountain 
valleys.  In  the  larger,  more  active,  through  glaciers,  these  must  furnish  the  main  ice 
supply;  but  in  some  of  the  smaller,  less  active  glaciers,  like  the  Orange  Glacier,  and  per- 
haps even  the  south  arm  of  the  Nunatak  Glacier,  a  large  part  of  the  snow  supply,  and 
perhaps  even  the  dominant  part  of  it,  apparently  comes  from  the  snow  that  falls  on  the 
broad  divide  and  upon  the  glacier  surface  itself. 
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It  is  noteworthy  that,  while  smaller  glaciers  are  often  covered  with  broad  sheets  of 
ablation  moraine,  through  glaciers  are  not  so  characterized.  In  the  active  tidal  glaciers^ 
such  as  the  Hubbard  and  Nunatak,  this  might  be  explained  by  the  failure  of  ablation 
in  connection  with  iceberg  discharge;  but  in  such  glaciers  as  the  Hidden  and  Fourth^ 
where  ablation  lowers  the  terminus  to  a  thin  edge,  and  where  the  terminus  lies  in  the 
same  relation  to  sea  level  as  smaller,  neighboring  moraine-covered  glaciers,  this  explana- 
tion fails.  The  absence  of  moraine  sheets  in  the  lower  glacier  in  such  cases  must  be 
explained  by  failure  of  debris  to  be  incorporated  in  the  ice  so  extensively  in  the  throu^ 
glaciers  as  in  the  smaller  vall^  glaciers.  This  lack  of  incorporated  debris  may  be  due 
to  a  combination  of  several  causes,  varying  in  relative  importance  in  the  different  gla- 
ciers, among  which  are  the  following: — (a)  the  fact  that  a  considerable  part  of  the  ice 
is  supplied  by  snow  falling  directly  on  the  glacier;  (b)  the  breadth  of  the  through  glaciers, 
making  it  impossible  for  avalanches  to  spread  completely  across  the  glaciers  as  th^ 
may  in  narrower  glaciers;  (c)  the  relative  weakness  of  tributaries  by  which  the  debris 
that  they  contribute  is  kept  on  one  side  of  the  main  glacier  by  the  greater  force  of  its 
current;  (d)  the  deep  snows  which  mantle  so  large  a  proportion  of  the  upper  mountain 
slopes  with  so  deep  a  cover  that  the  mountain  rocks  are  protected  far  more  than  the  ste^» 
bare  slopes  which  border  a  large  portion  of  the  smaller  valley  glaciers. 

Even  where  throu^  glaciers  emerge  beyond  the  mountain  valleys  and  expand  in 
piedmont  areas,  as  in  the  Malaspina  Glacier,  some  of  whose  tributaries  are  probably 
through  glaciers,  the  extent  of  the  sheet  of  ablation  moraine  is  proportionately  less  than 
that  of  the  smaller  glaciers.  Thus,  although  there  are  such  broad  sheets  of  ablation 
moraine  on  the  Malaspina  as  to  have  attracted  wide  attention,  the  most  extensive  of 
these  are  really  marginal,  and  related  to  the  lateral  accumulations  by  the  tributaries 
which  supply  the  Malaspina  ice.  Extensive  as  these  sheets  of  ablation  moraine  are  on 
the  Malaspina  Glacier,  when  compared  to  the  glacier  ^stem  as  a  whole  they  are  far 
less  notable  than  the  ablation  moraine  of  the  Atrevida-Luda  piedmont  glacier  system. 
The  Malaspina  and  its  tributaries  are  dominantly  clear  ice,  with  only  relative]y-small» 
peripheral,  ablation  moraine  areas  and  larger  lateral  sheets;  but  the  smaller  Atrevida- 
Lucia  piedmont  glacier  is  completely  moraine-covered,  and  the  morainic  sheet  even 
spreads  well  up  the  valley  portion  of  each  tributary.  Extensive  morainic  sheets  are» 
therefore,  not  characteristic  of  the  through  glaciers,  but  rather  of  the  smaller  glaciers, 
being  present  even  where  they  terminate  within  their  mountain  valleys,  but  being  far 
more  developed  where  their  termini  expand  in  piedmont  areas  outside  of  their  mountain 
valleys. 

The  Glacier  Termini,  It  is  the  lower  portions  of  the  Alaskan  glaciers  that  have  so 
far  been  most  carefully  studied,  and  it  is  these  portions,  also,  that  present  the  most 
varied  and  interesting  phenomena,  and  those  which  supply  most  facts  of  value  for  com- 
parison with  glaciers  of  other  regions,  both  existing  and  extinct.  Among  the  Alaskan 
glaciers  there  are  many  different  conditions  in  the  termini,  and  as  most,  if  not  all  of  these 
are  illustrated  in  the  Yakutat  Bay  region,  it  seems  worth  while  to  briefly  state  in  the 
following  paragraphs  some  of  the  more  notable  differences  observed. 

The  termini  of  many  glaciers,  probably  the  majority,  are  at  their  junction  with  larger 
glaciers  to  which  they  are  tributary.  The  conditions  here  vary  greatly  according  to  the 
relative  size  of  tributary  and  main  glacier  and  to  the  position  and  direction  at  which 
they  enter.    In  the  vast  majority  of  cases  these  tributaries  cease  at  once  to  have  notice- 
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able  influence,  the  ice  and  debris  supply  which  they  contribute  being  so  small  a  piopot' 
tion  of  the  whole  that  they  are  completely  dominated.  Occasionally  a  tributary  is  so 
nearly  equal  to  the  main  stream  that  it  maintains  individuality»  both  in  its  ice  currents 
and  in  its  morainic  areas,  clear  to  the  glacier  terminus;  and  now  and  then,  where  two 
large  glaciers  unite,  one  is  so  much  the  stronger  that,  as  in  Hubbard,  Nunatak,  and 
Fourth  Glaciers,  both  the  ice  current  and  the  moraine  of  one  are  pushed  far  over  to  one 
side  by  the  greater  force  of  the  other.  On  the  other  extreme  we  find  many  cases  of 
glaciers,  especially  those  cascading  from  small  hai^ging  valleys,  which  barely  coalesce 
with  the  main  glacier,  and  sometimes  just  fall  short  of  doing  so.  In  such  cases  local  en- 
largement of  the  lateral  moraine  of  the  main  glacier  occurs  at  and  just  below  the  point 
of  incoming  of  the  tributary,  but  otherwise  no  noticeable  influence  is  caused  by  it. 

Some  glaciers  terminate  in  hanging  valleys,  at  varying  distances  back  from  the  lips. 
Such  glaciers  are  often  moraine-covered  at  their  ends,  and,  if  they  halt  long  enough, 
they  build  terminal  moraines.  From  the  terminus  one  or  more  streams  issue,  heavily 
charged  with  debris,  which  in  some  cases,  where  the  valley  grade  is  steep  enou^,  is 
borne  on  beyond  the  lip  of  the  hanging  valley,  but  in  other  cases  is  partly  deposited  on 
the  floor  of  the  hanging  valley,  forming  a  more  or  less  perfect  outwash  gravel  plain.  In 
all  cases  a  large  porportion  of  the  debris  is  borne  on  to  the  lip  of  the  valley,  thence  down 
the  steepened  slope  to  the  flatter  slope  at  its  base,  or  to  the  sea,  where  deposit  is  exten- 
sive.  Here  are  built  steep  alluvial  fans  on  valley  sides,  and  large,  steep  deltas  where 
the  steepened  slope  descends  to  the  fiord.  The  great  volume  of  water,  with  its  sedi- 
ment load  and  its  steep  grade  has  invariably  cut  a  gorge  below  the  hanging  vall^ 
lip  which  it  is  rapidly  deepening;  but  the  time  since  these  streams  have  been  flowing 
is  so  brief  that  the  gorges  are  rarely  deep  or  broad.  They  increase  in  depth  and  breadth 
toward  the  outer  portions  of  the  fiord,  as  one  would  expect  in  view  of  the  fact  that  the 
steepened  slopes  there  have  longer  been  exposed  to  the  erosive  action  of  the  stream;  but 
this  increase  is  less  striking  than  might  be  expected,  since  the  glaciers  in  these  hanging 
valleys  are  smaller  than  those  in  the  inner  portions  of  the  fiord  and  the  water  supplied 
by  their  melting  is  therefore  less  in  quantity. 

A  few  hanging  valley  glaciers  extend  to  the  very  lip  of  the  valley,  and  some  ext^id 
even  beyond  it,  terminating  as  cascading  glaciers.  In  these  cases  there  is  a  smaller  al- 
luvial fan  or  delta  at  the  base  of  the  steepened  slope,  and  a  less  developed  gorge  has 
been  cut  in  the  steepened  slope.  Indeed,  the  cascading  glaciers  may  have  no  gorge  what- 
soever, their  streams  flowing  along  several  courses  on  the  surface  of  the  steepened  slope. 
These  glaciers  usually  have  a  more  or  less  well-defined  moraine  at  the  cliff  base  in  which 
is  incorporated  snow  and  ice  blocks  that  have  fallen  from  the  steeply  perched  ice  terminus. 
Being  only  recently  disconnected  from  the  main  glacier,  and  having  usually  only  a 
brief  duration  in  steeply-perched  positions,  the  cascading  glaciers  do  not  conunonly 
form  extensive  deposits  or  leave  striking  records  of  their  former  presence;  and  such 
records  as  they  do  leave  are  soon  buried  beneath  the  growing  alluvial  fans. 

Fairly  good  sized  glaciers  that  terminate  in  valleys  near  sea  level,  where  ablation  is 
rapid,  have  made  much  more  extensive  deposits  than  in  any  of  the  preceding  cases.  If 
the  glacier  fronts  were  stationary,  terminal  moraines  would  doubtless  develop;  but, 
since  the  glacier  history  of  Yakutat  Bay  has  been  one  of  general  recession,  such  deposits 
are  not  common,  though  they  have  been  found  in  a  few  places,  such  as  Calahonda  valley. 
The  receding  glacier  contributes  most  of  its  debris  to  streams,  leaving  only  thin  deposits 
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of  coarser  fragments  where  they  were  brought  by  the  glacier,  and  especially  in  marginal 
deposits.  The  glacial  streams  issue  with  great  volume  in  this  climate,  and  they  bear 
vast  quantities  of  sediment,  varying  from  clay  to  coarse  gravel  and  small  bowlders. 
Where  the  grades  of  the  valleys  are  steep  enough,  much  of  this  debris  is  borne  to  the 
fiord,  but,  in  those  valleys  with  flatter  grade,  outwash  gravels  accumulate;  though  even 
in  these  cases  extensive  deltas  are  built  in  the  fiord,  and  vast  quantities  of  clay  are  con- 
tributed to  the  deposits  being  laid  down  on  the  fiord  bottom.  At  times,  as  in  the  case 
of  Hidden  Glacier,  outwash  gravel  plain  and  delta  coalesce,  and  from  the  glacier  front 
to  the  sea  there  is  a  continuous  outwash  gravel  plain,  growing  finer  in  texture  toward 
the  sea,  and  beyond  mid-tide  level  consisting  mainly  of  clay.  Such  deposits,  extending 
from  one  side  of  the  valley  to  the  other,  overspread  and  bury  from  view  those  deposits 
that  were  previously  made  beneath  the  glacier,  or  by  its  melting;  and,  in  fact,  they  some- 
times bury  the  glacier  end  itself,  giving  rise  to  extensive  buried  ice  blocks. 

Some  of  the  smaller  glaciers  that  terminate  in  the  position  here  being  considered  have 
their  ends  covered  by  ablation  moraine  and  are  in  a  stagnant  state;  and  in  some  cases 
the  lower  ends  are  even  disconnected  from  the  upper  part  of  the  glaciers.  Under  these 
conditions  the  rate  of  ablation  is  decreased,  the  extent  of  outwash  gravel  deposit  is 
diminished,  and  neither  glacier  ends  nor  glacier  deposits  are  extensively  buried  beneath 
the  gravels.  In  such  cases  the  record  of  former  presence  of  glaciers  will  include  a  sheet 
of  slightly-irregular  moraine,  including  a  large  percentage  of  angular,  frost-riven  blocks. 
One  might  expect  to  find  eskers  in  such  situations,  but  not  where  the  recession  of  glaciers 
is  so  closely  followed  by  gravel  deposit  as  to  cover  both  previous  deposits  and  glacier 
ends.  In  the  latter  case,  however,  conditions  are  favorable  for  extensive  development 
of  kame  topography  when  the  buried  ice  blocks  melt  and  the  overlying  gravels  slump 
irregularly. 

The  Nunatak  Glacier  is  the  only  case  in  this  region  of  a  tidal  glacier  which  terminates 
in  a  moimtain  valley  which  it  completely  occupies  from  side  to  side.  Ablation  is  rapid 
and  iceberg  discharge  active,  the  two  causes  together  sufficing  to  cause  rapid  recession 
of  the  glacier  front.  Marginal  drainage  is  not  developed,  but  subglacial  or  engladal 
streams  pour  volumes  of  water  into  the  fiord  in  front  of  the  glacier.  Doubtless  these 
are  giving  rise  to  extensive  sedimentation  in  the  neighboring  fiord,  but  owing  to  the 
rapid  recession  of  the  glacier  front  these  deposits  are  spread  over  a  wide  area.  Should 
the  front  halt  for  a  time  the  vast  quantities  of  sediment  that  are  doubtless  pouring  out 
from  the  ice  front  would  build  notable  terminal  deposits.  In  the  deposits  that  are  ac- 
ciunulating  both  fine  and  coarse  material  are  of  necessity  included,  thus  differing  notably 
from  the  outwash  plain  deposits  in  which  the  clay  element  is  almost  completely  absent. 
These  submarine  deposits  must  also  differ  from  those  of  the  land  streams  in  the  presence 
of  large  rock  fragments  dropped  from  the  glacier  front  or  from  the  icebergs;  but  the 
nmnber  of  these  fragments  is  not  great,  for  the  larger  proportion  of  the  material  that  the 
ice  bears  to  its  front  is  carried  away  in  the  icebergs.  This  deposit  should  be  assorted 
throughout,  for  in  addition  to  the  fact  of  its  deposit  in  water,  in  which  there  are  strong 
tidal  currents,  it  is  brought  to  its  place  of  accumulation  by  rapid  streams,  whose  continued 
progress  is  arrested  by  the  mass  of  standing  fiord  water. 

The  other  two  tidal  glaciers — ^Turner  and  Hubbard — differ  from  the  Nunatak  in  one 
veiy  notable  respect.  They  extend  beyond  enclosing  mountain  walls  and  spread  near 
their  terminus.    Were  the  fiord  water  absent,  these  glaciers  would  doubtless  develop 
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expanded  piedmont  bulbs;  but  the  attack  of  the  sea  water  and  the  rapid  dispersal  of 
loe  that  falls  into  the  fiord  from  the  glacier  front,  succeeds  in  truncating  the  bulbs»  m> 
that  they  are  only  partially  developed.  In  those  portions  of  the  ice  front  from  wfaidi 
icebergs  are  discharged  the  conditions  are  similar  to  those  of  Nunatak  Glacis,  and  the 
remarks  made  about  the  deposits  there  apply  in  all  essential  particulars  here  also.  Akmg 
the  margins,  however,  the  conditions  are  different,  for  in  their  lateral  spreading  both  the 
Turner  and  the  Hubbard  Glaciers  have  extended  so  far  as  to  give  rise  to  small  areas  of 
stagnant  or  partially  stagnant  ice  on  either  margin.  Along  these  less  active  areas  mar- 
ginal streams  flow  and  each  has  built  a  small  alluvial  fan. 

A  number  of  glaciers,  including  several  of  small  size,  expand  at  the  mouths  of  their 
valleys  giving  rise  to  piedmont  bulbs,  or  bulb  glaciers.  These  are  sometimes  in  larger 
valleys,  like  Variegated  Glacier  in  the  Russell  Fiord  trough,  but  more  commonly  are 
at  the  moimtain  front,  like  Galiano  Glacier.  Where  two  or  more  glaciers  descend  from 
neighboring  valleys,  and  expand  sufficiently,  the  piedmont  bulbs  may  coalesce  and 
form  a  piedmont  glacier,  as  is  illustrated  by  the  Atrevida-Lucia,  and,  far  better,  by  the 
Malaspina  Glacier,  formed  by  the  union  of  several  large  glacier  bulbs,  and  the  type 
case  of  the  piedmont  glacier,  made  known  to  us  by  Russell's  researches.  The  pied- 
mont glaciers  and  the  piedmont  bulbs  have  many  peculiar  and  interesting  features^ 
including  marginal  deposits  of  varied  character,  ablation  moraines,  buried  ice  blocks,, 
and  outwash  gravel  deposits,  fully  discussed  in  later  pages. 

Special  Problemb 

Among  the  glacial  phenomena  some  warrant  more  detailed  discussion.  These  relate' 
mainly  to  the  piedmont  condition,  to  some  of  the  phenomena  associated  with  other 
glaciers,  and  to  the  work  of  the  formerly  more  extensive  ice  tongues. 

Tt^e  Piedmont  BtJbs.  The  phenomenon  of  spreading  of  glaciers  on  emergence  from 
valleys  is  common  in  the  Alaskan  region.  Indeed,  it  is  universal  wherever  the  glaciers 
extend  beyond  the  valleys  which  confine  their  upper  portions,  whether  the  escape  be 
into  a  broader  valley,  as  in  the  Variegated  Glacier,  or  beyond  the  moimtain  front,  as  in 
the  Atrevida.  This  spreading  to  the  piedmont  bulb  condition  is  evidently  due  to  laterat 
flowage  where  an  ice  supply  is  released  from  lateral  confinement,  and  it  bears  a  very 
close  resemblance  to  the  flowage  of  wax  or  other  viscous  substance.  We  interpret  it 
as  a  phenomenon  of  viscous  flowage  of  unconfined  ice. 

In  all  the  cases  which  we  have  studied,  the  phenomenon  of  the  piedmont  bulb  ex* 
pansion  is  the  product  of  a  previous  stage.  We  cannot,  therefore,  give  a  description 
of  the  piedmont  condition  at  the  time  of  formation.  We  infer,  however,  that  the  ice  of 
the  entire  piedmont  area  was  then  in  motion,  though  with  great  diminution  in  velocity ,^ 
toward  the  peripheiy,  reaching  stagnation  and  perhaps  being  almost  motionless  around 
the  margin,  and  especially  in  the  lateral  margins.  Nor  were  we  able  to  describe  the  ice 
currents  in  such  a  bulb.  Judging  from  the  great  morainic  swirls  on  the  Malaspina  Gla- 
cier, and  the  crescentic  banded  moraines  on  the  Variegated  Glacier  bulb,  the  ice  currents 
are  complex  and  peculiar  and  a  determination  of  their  nature  would  be  a  matter  of  great 
interest.  The  currents  seem  to  give  rise  to  a  broadening  and  spreading  of  medial  and 
lateral  moraine  bands;  but  our  knowledge  of  their  nature  and  behavior  is  so  slight  that 
we  are  imable  at  present  to  go  farther  than  we  have  done  in  our  description  and  interpre** 
tation  of  the  morainic  phenomena  of  the  Variegated  Glacier. 
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One  might  expect  important  influence  from  uprising  bottom  currents,  and»  as  is  shown 
in  a  succeeding  section,  there  is  evidence  that  there  is  such  influ^ice  in  the  producticm 
of  interior  flats.  But,  in  general,  there  does  not  seem  to  be  much  effect  from  uprising 
of  ice,  for  the  moraines  which  cover  the  piedmont  bulbs  are  prevailingly  of  angular 
material,  such  as  falls  upon  glacier  surfaces  and  in  glacier  reservoirs,  not  such  as  has 
undergone  the  scouring  necessary  in  bottom  ice  layers.  It  is  hoped  that  further  study  of 
Alaskan  glaciers  may  yield  facts  which  we  lack  at  present  concerning  the  nature  of 
ice  motion  in  piedmont  bulb  areas. 

The  piedmont  bulb  areas  which  we  have  so  far  studied  have  at  some  previous  stage 
of  greater  expansion  spread  to  their  present  extent,  and  doubtless  farther.  Whether 
this  expansion  was  one  of  rapid  or  slow  advance  we  do  not  know,  nor  can  we  assign  to 
it  an  exact  date.  In  the  cases  of  some,  however,  notably  the  Lucia,  Atrevida  and  Galiano 
Glaciers  in  Yakutat  Bay,  we  know  that  the  period  of  stagnation  following  the  advance 
began  not  less  than  half  a  century  ago,  for  trees  of  that  age  have  grown  on  the  stagnant 
outer  portions  of  these  bulbs.  A  similar  statement  applies  to  the  piedmont  bulbs  of 
AUen,  Heney  and  Miles  Glaciers  in  the  lower  Copper  River  valley,  though  they  may 
possibly  be  a  little  younger.  Malaspina  Glacier  maintains  some  activity  throughout 
most  of  its  area,  being  motionless  only  in  a  few  parts  where  the  spreading  has  been  greatest. 

Following  the  expansion  of  the  piedmont  bulbs  came  a  cessation  of  supply  sufficient 
to  maintain  the  bulb  portion,  and  normally  one  might  expect  rapid  destruction  by  abla- 
tion. In  these  cases,  however,  such  destruction  has  been  prevented  by  the  concentra- 
tion of  moraine  on  the  surface  of  the  bulbs  so  protecting  the  ice  as  to  greatly  reduce 
the  rate  of  ablation.  In  fact,  in  some  of  the  outer  portions  of  the  bulbs  the  moraine  has 
become  so  thick  that  ablation  has  almost  ceased.  From  the  forest-covered  bulbs  of  the 
Lucia  and  Atrevida  Glaciers,  for  instance,  only  trickling  streams  of  water  ordinarily 
emerge,  and  the  stability  of  the  buried  ice  is  so  great  that  dense,  continuous  forest 
growth  covers  the  ice.  Also,  where  alluvial  deposits  have  been  laid  down  on  the  ice, 
as  in  the  bulb  of  the  Galiano  Glacier,  the  rate  of  melting  of  the  buried  ice  must  be  ex- 
ceedin^y  slow.  In  such  cases  it  is  probable  that  scores  of  years,  and  perhaps  even  a 
century  or  two,  will  be  required  to  remove  the  ice  from  beneath  its  protective  covering 
of  moraine  and  alluvial  deposit.  The  exceedingly  slow  rate  at  which  the  moraine-covered 
ice  melts,  and  the  fact  that  Malaspina  Glacier  inside  the  moraine-covered  portion  is 
not  greatly  lowered,  is  interpreted  as  evidence  that  this  glacier  is  still  in  motion  through- 
out most  of  its  area;  it  promises  a  rich  field  for  detailed  study  and  one  that  will  probably 
throw  much  light  on  the  movement  of  ice  in  piedmont  glacier  bulbs. 

Ablation  Moraines.  In  their  present  wasted  stage  the  piedmont  bulbs  present  several 
interesting  phenomena  due  to  the  progress  of  wastage.  One  of  them  is  the  presence  of 
extensive  sheets  of  moraine,  some  of  which  extend  up  the  valley  glacier  portion.  Similar 
sheets  occur  on  small  glaciers  which  are  entirely  confined  to  mountain  valleys.  Al- 
though differing  greatly  in  detail  of  form,  extent,  and  composition  from  place  to  place, 
the  ablation  moraines  throughout  the  region  have  the  same  general  characteristics. 
Some  of  the  details  peculiar  to  individual  glaciers  have  been  considered  in  the  chapters 
discussing  these  glaciers;  it  now  remains  to  consider  the  ablation  moraine  in  general. 

On  any  individual  Racier  the  moraine  sheet  is  foimd  to  vary  greatly  in  thickness  from 
place  to  place.  The  broadest  areas  of  thickest  moraine  are  the  peripheral  portions  where 
stagnation  has  lasted  longest  and  ablation  has,  therefore,  been  most  effective.    Here 
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the  moraine  may  be  from  5  to  10  feet  deep.  Marginal  bands  of  deeper  moraine  also 
extend  up  the  lateral  margins  of  the  valley  glaciers,  marking  the  site  of  the  lateral  moraine 
accumulation.  There  are  crescentic  bands  of  thicker  moraine  in  the  piedmont  bulbs, 
giving  rise  to  ridges  because  of  retarded  ablation,  while  crescentic  valleys  lie  between 
the  ridges  where  the  moraine  is  thinner.  As  ablation  proceeds  the  position  of  the  ridges 
and  valleys  change,  for  when  the  ridges  become  too  steep  the  moraine  slides  into  the 
depressions.  Speaking  generally,  there  is  a  gradational  decrease  in  thickness  of  abla- 
tion moraine  from  the  periphery  of  the  piedmont  bulb  to  the  part  of  the  valley  glacier 
where  the  ablation  moraine  disappears,  a  point  which  varies  greatly  from  glacier  to  gla- 
cier, but  which  is  always  in  the  area  of  thedissipator,  and  well  below  the  snow  line.  This 
decrease  in  thickness  is  locally  interrupted  by  areas  of  thickening  on  ridge  tops  and  of 
thinning  in  valleys  and  on  steep  ridge  slopes. 

There  are  variations  in  nature  of  material  composing  the  ablation  moraine.  Speaking 
generally  it  is  made  up  of  frost-riven  angular  fragments  of  rock  of  the  kind  enclosing 
the  upper  glacier,  and  often  includes  bowlders  of  huge  size.  Scratched  stones  are  also 
found,  though  not  commonly,  and  there  are  even  areas  of  clay  and  waterwashed  gravel, 
for  short  streams  flow  on  the  moraine,  and  pools  are  not  imcommon.  There  are  bands, 
often  crescentic,  in  which  rocks  of  one  kind  so  predominate  as  to  give  rise  to  bands  of 
color  on  the  glacier  surface,  as  in  the  Variegated  Glacier.  With  our  lack  of  knowledge 
of  the  behavior  of  ice  currents  in  spreading  glaciers,  and  our  ignorance  of  the  bed  rock 
in  most  of  the  enclosing  valley  walls,  it  is  not  possible  to  offer  a  definite  explanation  of 
these  variations.  They  are  without  question  due  to  the  flow  of  the  ice  in  the  piedmont 
bulb,  distributing  the  load  which  the  ice  bears  and  which  is  brought  into  prominence 
by  ablation;  but  the  nature  of  the  process  is  not  yet  clear  to  us. 

On  the  thicker,  outer  portion  of  the  ablation  moraine  the  soil  has  such  stability  that 
vegetation  grows  luxuriantly  and  one  often  needs  to  study  closely  to  determine  where 
the  land  forest  ends  and  the  glacier  forest  begins.  It  seems  that  from  5  to  10  feet  of 
moraine  on  ice  in  this  climate  is  suflicient  to  give  rise  to  such  a  condition  of  stability 
as  to  permit  practically  uninterrupted  forest  growth  with  spruce,  hemlock  and  cottonwood 
trees  like  those  on  land.  The  density  and  maturity  of  the  forest  growth  progressively 
diminishes  from  the  peripheral  zone,  and  near  its  inner  margin  there  are  abimdant  signs 
of  the  struggle  to  which  plants  are  subjected  when  growing  in  a  slumping  soil.  The 
average  age  of  the  plants,  here,  mainly,  if  not  entirely,  alders  and  willows,  may  be  from 
ten  to  twenty  years,  and  the  majority  of  individuals  are  healthy  and  imdisturbed.  But 
areas  occur  where  for  some  reason  ablation  is  locally  more  active,  and  there  plants  are 
foimd  overturned,  others  with  their  roots  partly  imcovered,  others  partly  inclined;  in 
fact  all  stages  in  plant  destruction  are  to  be  seen,  and  perhaps  on  the  slopes  of  some 
basin  containing  a  pool,  or  where  a  moulin  has  opened  in  the  moraine;  the  ice  itself  may 
even  be  seen.  Looking  down  upon  a  forest-covered  ablation  moraine  from  some  favora- 
ble viewpoint,  numerous  areas  of  this  sort  may  be  seen.  They  seem  to  be  related  to  the 
development  of  ice  drainage  in  the  vegetation-covered  parts  of  the  piedmont  bulb;  but 
they  occupy  only  a  small  proportion  of  the  vegetation-covered  part  of  the  moraine  and 
are  mainly  confined  to  the  inner  part  of  the  zone.  Even  here,  however,  the  condition 
of  soil  stability  is  in  general  sufficient  to  permit  the  growth  of  mature  alders. 

From  the  zone  of  occasional  slumping  there  is  a  rapid  gradation  to  the  barren  zone  of 
the  ablation  moraine,  which  is  a  true  desert,  almost  devoid  of  life.    In  this  gradational 
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belt,  vegetation  is  struggling  against  increasing  odds  until,  finally,  plant  growth  be- 
comes impossible  because  of  the  excessive  instability  of  the  soil.  The  seeds  of  the  alder 
are  taking  root  all  over  the  ablation  moraine  within  the  zone  of  vegetation;  and,  near  the 
inner  border  of  that  zone,  occasional  plants  may  succeed  in  maintaining  growth  for  a 
year,  or  two,  or  three  in  especially  stable  areas;  but,  ere  long,  even  the  most  stable  soil 
yields  to  the  undermining  and  the  shrubs  perish.  One  finds  plants  with  green  leaves, 
but  with  nearly  all  the  roots  exposed;  others  dead;  and  some,  overturned  and  buried, 
with  their  roots  in  the  air  and  their  branches  imder  ground,  sending  out  roots  from  the 
stems.  It  is  a  hopeless  struggle,  and  at  a  distance  of  a  few  himdred  yards  from  the  inner 
alder  zone  few,  if  any,  plants  are  found.  Grasses  and  annual  plants,  and  even  lichens 
on  the  larger  bowlders  no  longer  find  it  possible  to  survive  the  constant  rolling  and  slid- 
ing to  which  the  morainic  soil  is  subjected. 

When  subjected  to  advance,  as  Atrevida,  Galiano  and  Marvine  Glaciers  were,  even  the 
zone  of  stability  temporarily  becomes  impossible  for  plant  growth.  Many  trees  and 
bushes  are  destroyed  by  the  direct  thrust  and  breaking  of  the  ice;  but  many  more  are 
destroyed  by  the  sliding  of  the  soil  into  the  newly-formed  crevasses.  By  these  two 
means  great  windrows  of  dead  alder  and  other  trees  were  caused  by  the  1906  advance. 

On  the  ablation  moraine  desert,  where  no  plant  life  can  find  a  foothold,  the  evidence 
of  instability  due  to  rapid  ablation  is  everywhere  present.  Here  the  average  depth  of 
moraine  cannot  be  more  than  two  or  three  feet,  and  ice  is  to  be  seen  here  and  there. 
The  surface  is  exceedingly  hummocky  and  in  whatever  direction  one  travels  it  is 
necessary  to  go  up  hill  and  down,  rising  50  to  150  feet  from  valley  bottom  to  hum- 
mock crest.  There  seems  no  system  in  detail,  though  the  topography  is,  in  general, 
a  series  of  roughly  circular  or  elliptical  kettles  with  enclosing  ridges  of  varying  heights. 
From  the  steeper  slopes,  bowlders  are  constantly  sliding  and  when  one  takes  a  step  on 
such  a  slope  he  may  start  an  avalanche  of  stones,  or  he  may  himself  slide  down  the  de- 
scent when  his  foot  comes  in  contact  with  the  thinly-veneered  Ice  slope.  Even  on  the 
more  level  parts,  bowlders  are  often  perched  in  such  unstable  positions  on  hidden  ice 
pedestals  that  a  mere  touch  may  overturn  them.  Everywhere  instability  is  evident  and 
there  is  complete  demonstration  of  the  rapid  progress  of  ablation;  but  when  viewed  from 
a  distance  the  ablation  moraine  seems  only  a  barren  waste  of  debris  with  little  or  no  ice 
to  be  seen. 

In  spite  of  the  rapid  ablation  on  the  moraine-covered  ice,  there  is  little  fiowing  water 
to  be  seen,  excepting  where  it  emerges  in  great  torrents  from  the  glacier  margins.  There 
is  a  great  abundance  of  trickling  rills  down  the  steeper  slopes,  and  probably  also  be- 
neath the  moraine  on  the  lesser  slopes,  but  this  drainage  is  usually  toward  small  enclosed 
basins  from  which  escape  is  found  into  the  ice.  Now  and  then  one  of  the  kettles  has  no 
outlet  and  then  a  pool  or  pond  is  formed,  but  these  are  relatively  uncommon.  The 
nature  of  the  outlets  of  the  kettles  is  generally  hidden  from  view  by  the  debris  which 
has  slid  into  them  from  the  margins;  but  not  uncommonly  one  can  hear  the  falling  water 
as  it  cascades  into  hidden  moulins.  Only  in  the  larger  ice  valleys  are  there  large  moulins. 
There  the  ice  drainage  follows  small  rills  into  many  small  kettles,  thence  into  the  glacier 
and  probably  soon  to  its  bed.  Evidence  of  the  presence  of  at  least  some  englacial  streams 
was  seen  in  several  places  where  tunnel  ends  were  exposed  to  view  by  the  melting  of  the 
glaciers.  Since  the  sliding  of  debris  from  the  ridges  into  the  kettles  transforms  areas  of 
thicker  moraine  to  areas  of  thinner  deposit,  and  since  the  largest  fragments,  at  least. 
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cannot  be  carried  out  of  the  kettles  into  Tdiich  they  slide,  we  assume  that  kettle  areas  of 
one  period  become  hummock  crests  in  others,  and  that  one-time  ridges  later  develop  into 
kettles.    If  this  is  so,  the  position  of  the  glacial  drainage  is  constantly  changing  in  detaiL 

By  the  ablation  and  the  consequent  drainage  some  of  the  moraine  is  carried  off  by 
the  streams,  but  the  proportion  thus  removed  cannot  be  great,  otherwise  it  would  be 
impossible  for  such  extensive  sheets  of  ablation  moraine  to  accumulate.  Most  ol  the 
rills  are  fairly  clear  and  free  from  sediment,  and  since  the  streams  do  not  ordinarily 
attain  large  size  or  flow  for  more  than  a  few  score  yards  before  descending  into  the 
glacier,  the  load  which  they  bear  cannot  be  great.  They  certainly  could  not  carry  bowl- 
ders and  large  pebbles,  and  the  evidence  is  convincing  that  they  do  not  cany  large  quanti- 
ties of  even  the  finer  material.  The  glacial  torrents  which  emerge  from  the  margins  of 
the  piedmont  bulbs  are,  however,  heavily  burdened  with  sediment;  and,  although  some 
is  doubtless  contributed  from  the  ablation  moraine,  we  infer  that  much  the  greater  pro- 
portion is  derived  from  the  lower  layers  of  the  glacier. 

The  extensive  sheets  of  ablation  moraine  on  the  piedmont  bulbs  have  two  important 
effects.  In  the  first  place  they  prevent  most  of  the  local  influence  on  climate  which  sudi 
extensive  ice  sheets  would  normally  exert;  and  consequently  dense  vegetation  can  grow 
up  to  the  glacier  margin,  and  even  on  its  surface  where  soil  stability  is  sufficient.  Sec- 
condly,  they  retard  the  melting  of  the  glaciers,  especially  the  outer  parts,  so  that  sudi 
ice  sheets  persist  long  after  they  would  if  not  moraine  covered.  It  would  be  interesting 
to  know  the  rate  of  lowering  of  such  covered  glaciers,  and  it  is  our  hope  and  expeetatu>n 
to  imdertake  some  such  measurement,  or  at  least  to  provide  a  beginning  for  measure- 
ment. Until,  however,  we  have  some  carefuUy-run  lines  of  levels,  and  some  knowledge 
of  ground  temperature  on  and  near  the  buried  ice  masses  there  can  be  little  gained  from 
a  discussion  of  the  probable  duration  of  the  buried  stagnant  ice.  That  it  melts  very 
slowly  and  lasts  a  long  time  is  abundantly  proved. 

Moraine-covered  glaciers  are  not  confined  to  Alaska,  though  it  is  from  the  Alaskan 
glaciers  that  we  have  obtained  our  fullest  knowledge  of  this  condition.  They  are  pres- 
ent in  the  Himalayas,  and  there  are  ice  tongues  resembling  them,  though  without  pied- 
mont bulbs,  in  the  Alps.  In  both  these  cases,  and,  in  fact,  in  general,  and  even  in  Alaska, 
the  clear  ice  glacier  is  the  normal,  and  the  moraine-covered  glacier  the  exception.  Our 
knowledge  of  the  distribution  of  this  type  of  glacier  and  of  the  surrounding  conditions 
is  not  sufficient  for  anything  like  a  final  consideration  of  its  cause.  Yet  there  are  some 
facts  already  observed  in  the  Alaskan  region  which  contribute  toward  an  explanation 
of  the  phenomenon.  Among  these  one  of  the  most  notable  is  the  fact  that  the  larger 
glaciers  are  less  liable  to  the  condition  than  the  smaller;  and  another  noteworthy  fact 
is  that  small,  valley-enclosed  glaciers  are  commonly  moraine-covered  whereas  the  large 
through  glaciers  are  not.  A  third  noteworthy  fact  is  that  the  ablation  moraine  is  pre- 
vailingly made  of  angular  fragments  such  as  are  contributed  by  avalanches.  The 
inference  that  we  draw  from  these  three  facts  is  that  in  certain  glaciers  whose  walls  are 
steep  enough,  whose  width  is  small  enough,  and  whose  enclosure  is  sufficiently  complete, 
enough  debris  is  avalanched  into  the  reservoir  and  out  upon  the  valley  tongues  to 
provide  material  with  which  ultimately,  through  ablation,  to  clothe  the  entire  glacier 
surface  with  a  sheet  of  ablation  moraine.  In  broad  glaciers  and  in  through  glaciers  all 
the  necessary  conditions  are  not  present  and  consequently  complete  covering  by  abla- 
tion moraine  becomes  impossible. 
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Doubtiess  there  are  other  factors  which  must  be  taken  into  account  in  a  complete 
analysis  of  the  phenomenon,  and  some  of  these  are  already  evident.  For  instance,  there 
must  surely  be  steep  slopes;  but  those  are  common  enough  and  are  present  even  in  the 
valleys  of  glaciers  which  have  no  ablation  moraine.  Sufficiently  steep  slopes  are  almost 
invariably  insured  where  dwindling  glaciers  occupy  the  beds  of  valleys  overdeepened 
during  a  previous  stage  of  greater  expansion.  Without  steep  slopes,  such  as  glacial 
erosion  provides,  extensive  ablation  moraines  are  not  possible;  but  that  their  presence 
alone  is  not  a  sufficient  cause  is  abimdantly  proved  by  the  absence  of  such  moraines 
in  valleys  whose  walls  are  as  steep  as  those  of  moraine-covered  glaciers.  Another  factor 
that  is  certainly  important  is  friability  of  rock.  The  best  ablation  moraines  of  the  Yaku- 
tat  Bay  region  are  in  the  friable  Yakutat  shales,  sandstones,  and  conglomerates;  but  they 
are  also  present  on  glaciers,  like  the  Variegated,  which  descend  through  valleys  in  crys- 
talline rocks.  It  is  probable,  however,  that  extensive  ablation  moraines,  such  as  those 
of  Yakutat  Bay,  could  not  develop  on  glaciers  whose  entire  course  was  through  valleys 
enclosed  in  massive  gneiss  or  granite.  We  are  inclined  to  believe  that  the  absence  of 
ablation  moraine  on  many  small  glaciers,  enclosed  between  steeply-rising  valley  walls, 
like  some  of  the  Alpine  glaciers,  is  due  mainly  to  the  stability  of  the  valley  wall  rock. 

A  third  possible  factor,  naturally  suggested  in  this  region,  is  that  of  earthquake  ava- 
ianching.  Valley  walls  are  greatly  steepened  by  glacial  erosion,  especially  in  the  weaker 
friable  rocks,  and  by  shrinking  of  the  glaciers  these  too-steep  walls  are  exposed  to  sub- 
sequent weathering.  One  finds  abundant  evidence  on  every  hand  that  weathering  is 
working  rapidly  to  reduce  such  slopes,  for  avalanching  is  commonly  observed,  and  the 
rock  is  crossed  by  rifts  and  gashes,  where  weathering  is  preparing  masses  to  slide  down 
the  steepened  slopes.  Sometimes  these  gashes  in  the  upper  part  of  the  steepened  valley 
slope  are  so  wide  that  one  cannot  cross  them,  and  scores  of  yards  in  length.  When  an 
earthquake  comes  there  are  many  such  masses  ready  to  fall  under  the  impulse  of  the 
associated  shaking;  and  we  have  abimdant  evidence  that  great  numbers  of  such  masses 
did  fall  during  the  earthquakes  of  1899.  Such  masses  may  often  be  of  sufficient  size 
to  spread  completely  across  a  valley  glacier.  If  a  glacier  bearing  such  a  load  is  caused 
to  advance  by  earthquake  avalanching,  we  have  a  means  of  quickly  moving  down  the 
valley  the  rock  masses  which  the  avalanching  supplied  to  the  glaciers;  and  if  the  pied- 
mont bulbs  themselves  are  the  product  of  a  great  advance  under  the  earthquake  impulse, 
as  is  possible,  the  broad  sheets  of  ablation  moraine  which  cover  them  may  in  part  be  due 
to  this  cause.  Earthquake  shaking  would  have  the  double  effect  of  quickly  rolling 
to  the  glacier  surface  a  larger  amount  of  material  than  mere  weathering  would  supply 
in  the  same  time,  and  of  contributing  it  in  such  great  individual  avalanches  that  it  could 
spread  farther  out  on  the  glaciers  than  would  be  common  in  those  avalanches  caused 
by  weathering  alone.  The  aid  of  earthquakes  is  not  essential,  but  it  simplifies  the  proc- 
ess and  is  perhaps  an  important  factor.  It  would  also  explain  the  fact  which  we  observed 
in  Atrevida  Glacier,  that  the  area  of  ablation  moraine  desert  extended  farther  up  the 
glacier  in  1909  than  it  did  in  1905. 

Interior  Flats.  In  the  description  of  Variegated  Glacier  it  is  shown  that  there  is  a 
level  area,  crescentic  in  form,  and  bordered  by  moraine-covered  ice  which  rises  steeply 
100  to  150  feet  above  the  plain.  This  level  area  is  evidently  a  part  of  the  glacier  which 
for  some  reason  had  a  thinner  moraine  cover  and,  therefore,  wasted  so  much  faster 
than  the  neighboring  parts  of  the  ice  that  it  had,  by  1905,  become  the  seat  of  alluvial 
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deposit  from  glacial  streams  emerging  from  the  Variegated.  In  1005  ice  still  existed 
beneath  the  flat,  and  alluvial  deposit  upon  it  was  rapid.  The  advance  of  the  Variegated 
Glacier  in  1906  overrode  a  small  part  of  the  flat  and  destroyed  one  of  the  streams  that 
had  flowed  out  upon  it  in  1905.  In  1909  the  condition  of  the  flat  was  not  greatly  different 
from  the  1906  condition. 

The  interior  flat  seems  to  be  a  fairly  constant  feature  of  piedmont  bulb  glaciers,  being 
developed  just  outside  the  mountain  front.  In  the  Butler  Glacier,  for  example^  the 
interior  flat  is  just  within  a  crescentic  area  of  moraine-covered  ice  now  completely 
detached  from  the  glacier,  and  representing  the  last  stages  in  the  destruction  of  a  pied* 
mont  bulb.    Here  no  ice  seems  to  exist  beneath  the  former  interior  flat. 

Galiano  Glacier  also  has  an  interior  flat  area.  The  valley  glacier  expands  beyond  the 
moimtain  front  and  appears  to  terminate  in  a  moraine-covered  ice  cliff;  but  beyond 
this  is  an  area  of  lowland,  which  in  1890-91  was  the  seat  of  extensive,  alluvial-fan  deposit. 
The  advance  of  Galiano  Glacier  prior  to  1905  destroyed  this  flat  by  disturbing  the  ice 
beneath  it,  and  also  extended  beyond  the  flat,  raising  the  moraine-covered  ice  in  a  series 
of  hummocks  over  a  broad  area.  Evidently  Galiano  Glacier  has  much  the  same  condi- 
tion as  Variegated  Glacier  except  that  the  buried  ice  is  thicker,  and  the  alluvial  fan  on 
the  interior  flat  was  larger. 

A  perfect  interior  flat  exists  in  the  piedmont  bulb  of  Allen  Glacier  in  the  Copper  River 
valley,  but  here  it  is  less  advanced  than  in  the  cases  already  described,  for  alluvial  de- 
posit upon  it  has  only  just  begun,  and  the  ablation  moraine  on  the  inner  side  is  less 
notably  developed.  It  is  possible  that  the  lake  in  front  of  the  Miles  Glacier  is  developed 
on  the  site  of  an  interior  flat  in  that  glacier.  The  Heney  Glacier  on  Copper  River  also 
has  an  interior  flat. 

There  is  no  well  developed  interior  flat  on  the  Lucia  Glacier,  though  in  1905  and  1906 
there  was  a  small  area  of  clear  ice  with  a  lower  surface,  in  the  midst  of  the  ablation 
moraine,  and  just  where  the  glacier  began  to  expand  notably.  It  was  half  or  three  quarters 
to  a  mile  long  and  a  quarter  of  a  mile  broad  in  its  widest  part,  and  offered  the  easiest 
route  over  the  otherwise  moraine-covered,  hummocky  surface  of  the  glacier  between 
Terrace  Point  and  Floral  Pass.   This  was  being  destroyed  by  the  1909  advance. 

In  1905  and  1906  there  was  no  interior  flat  area  on  Atrevida  Glacier,  but  a  very  per- 
fect, well-defined  area  of  clear  ice  was  introduced  by  the  1906  advance  and,  by  the  prog- 
ress of  ablation  in  the  interval  between  its  formation  and  our  next  visit  in  1909,  its 
clear  surface  was  lowered  well  below  the  level  of  the  surrounding  area  of  moraine-covered 
ice.  As  a  result  of  the  1906  advance  a  similar  area,  though  not  as  well  defined  because 
not  so  thoroughly  moraine  enclosed,  developed  on  Variegated  Glacier  some  distance 
inside  the  previously-existing  flat. 

The  interior  flat  is  so  frequent  an  associate  of  the  piedmont  bulb  condition  that  we 
believe  it  to  be  due  to  the  operation  of  some  general  cause.  The  nature  of  this  cause 
is  suggested  by  the  development  of  the  area  of  clear  ice  in  Atrevida  Glacier  during  the 
1906  advance.  As  stated  in  the  discussion  of  this  phenomenon  there  is  strong  reason 
for  considering  it  the  result  of  the  upflow  of  clear  ice  from  below,  when,  during  advance, 
the  flowage  of  the  ice  is  retarded  by  the  resistance  of  the  stagnant,  partly  rigid,  outer 
portion  of  the  piedmont  bulb. 

For  the  phenomenon  we  propose  the  following  working  hypothesis,  whose  fuller  dis- 
cussion may  be  postponed  until  we  have  a  larger  body  of  observational  data  from  a 
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greater  series  of  glaciers.  When  a  piedmont  bulb  is  formed,  the  ice  spreads  as  long  as 
the  supply  is  maintained,  and,  as  ablation  proceeds,  the  surface  of  the  bulb  becomes 
coated  with  moraine,  if  the  supply  of  incorporated  debris  is  sufficient.  Under  such 
conditions  an  interior  flat  should  not  be  expected.  But  if  a  period  of  stagnation  is  suc- 
ceeded by  readvance,  and  especially  if  the  advance  be  rapid,  the  spreading  of  the  ice  is 
interfered  with  by  the  stagnant  outer  part  of  the  piedmont  bulb,  and,  at  the  appropriate 
place,  rising  of  lower  ice  occurs,  introducing  an  area  of  clear  ice  where  none  existed 
previously.  According  to  the  thickness  of  the  outer  glacier,  its  degree  of  stagnation, 
and  the  rate  and  duration  of  the  advance,  the  position  and  extent  of  the  interior  flat 
will  vary.  Thus  with  two  advances  of  different  intensity,  or  with  different  ice  condi- 
tions, two  interior  flat  areas,  in  different  portions^  may  develop  in  the  same  glacier,  as 
has  occurred  in  the  Variegated  Glacier. 

Marginal  Deposits.  Tne  deposits  accumulating  around  the  margins  of  the  Alaskan 
piedmont  glaciers  are  complex  and  interesting.  The  most  notable  fact  is  that  they  are» 
in  the  main,  water-laid.  Doubtless  by  the  melting  of  the  ice  a  veneer  of  groimd  moraine 
is  being  accumulated  on  the  site  of  the  glaciers;  doubtless,  also,  upon  this  is  accumulated 
a  veneer  of  angular  debris  from  the  ablation  moraine;  and  doubtless  there  are  subglacial 
deposits  of  water-laid  material,  such  as  eskers;  but  in  the  areas  occupied  by  the  pied- 
mont bulbs  these  deposits  are  for  the  most  part  masked  by  deposits  from  the  water  which 
issues  from  the  wasting  glaciers.  The  burial  of  these  deposits  is  greatly  aided  by  the 
slowness  of  wasting  of  the  moraine-covered  glaciers,  as  a  result  of  which  even  the  glacier 
ends  themselves  are  at  times  buried  beneath  extensive  alluvial  deposits.  Since  there  is 
no  persistent  advance  of  the  piedmont  bulbs  there  is  no  opportunity  for  the  development 
of  fringing  moraines.  The  glaciers  attain  a  position  during  advance  and  spreading, 
and  they  retain  this  position  for  a  long  time,  not  through  continual  supply,  but  because 
of  the  protection  from  ablation  which  their  moraine  cover  supplies.  Abimdant  water 
issues  during  the  long  period  of  wastage,  and  it  bears  enormous  loads  of  sediment.  Hence 
water  deposits  assume  immense  importance.  Probably  far  the  greater  part  is  deposited 
in  the  neighboring  sea,  to  which  nearly  all  of  the  clay  is  carried;  but  the  greater  portion 
of  the  bowlders,  pebbles,  and  sand  accumulate  either  in  alluvial  fans  fringing  the  glaciers, 
in  deltas  on  the  fiord  shores,  or  in  the  beacheid  between  the  deltas. 

If  one  of  these  glaciers  should  completely  disappear,  there  would  be  left,  as  the  most 
conspicuous  deposit,  a  broad,  crescentic  frontal  zone  of  coalescing  alluvial  fans,  very 
coarse  in  texture  near  the  glacier  fronts,  and  grading  to  gravel  and  sand  away  from  it, 
with  clay  beyond  on  the  fiord  bottom.  On  the  inner  margin,  in  favorable  places  where 
the  gravels  rested  on  ice,  a  hummocky  deposit  would  develop  as  a  result  of  irregular 
settling  during  the  melting  of  the  buried  ice,  with  pond  and  small  lake  areas  within  it. 
Thus  a  morainic  topography,  kame-moraine  would  perhaps  be  better — ^would  develop 
in  a  more  or  less  perfectly  crescentic  area  around  the  outer  margin  of  the  piedmont  bulb, 
*grading  outward  into  the  more  even  slopes  of  alluvial  fans  and  outwash  gravel  plains. 
On  the  inner  side  of  the  morainic  crescent  would  be  a  depression,  with  irregular  surface 
and  with  a  veneer  of  coarse  angular  fragments*  The  site  of  the  depression  is  often  oc- 
cupied by  a  lake. 

Leading  from  the  crescentic  moraine,  on  either  end  of  the  crescent,  there  would  ex- 
tend a  marginal  band  of  deposit,  also  water-laid,  marking  the  sites  of  the  marginal  streams, 
and  extending  well  up  into  the  mountain  valleys.    These  marginal  stream  deposits 
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would  be  exceedingly  complex,  gravel  in  the  main,  but  with  local  lake  sediment  areas, 
with  patches  of  moraine,  with  included  plant  remains  and  peat  bogs,  with  alternate 
layers  of  two  or  more  of  these,  and,  in  places,  with  gradations  to  marginal  valleys  and 
even  rock  gorges,  where  the  lateral  streams  had  been  forced  to  cut  across  rock  spurs. 
All  these  varieties  of  conditions  are  present  along  the  margins  of  the  existing  glaciers» 
and  since  they  have  been  fuUy  described  and  discussed  elsewhere,^  they  will  not  be  further 
considered  here. 

Origin  and  Effects  of  Icebergs.  Origin  and  Nature.  Vast  quantities  of  ice  are  dis* 
charged  from  the  three  tidal  glaciers, — ^Nimatak,  Turner,  and  Hubbard;  and  the  amoont 
of  floating  ice  in  the  inlet,  particularly  in  Disenchantment  Bay,  is  very  great.  The  larger 
portion  of  this  ice  is  in  small  pieces,  but  there  are  also  many  large  icebergs,  some  rising 
40  to  50  feet  out  of  the  water,  or  even  more,  and  having  a  length  of  200  to  800  feet.  Many 
of  the  icebergs,  especially  the  smaller,  are  free  from  debris,  but  large  numbers  bear  some 
moraine,  while  icebergs  black  with  included  debris  are  by  no  means  uncommon.  We 
estimate  that  about  twenty  per  cent  of  the  icebergs  carry  a  noticeable  amount  of  mo- 
rainic  material,  and  at  all  times  thousands  of  tons  of  debris  are  being  floated  in  the  waters 
of  Yakutat  Bay.  Naturally  most  of  it  is  finer  material,  but  many  icebergs  are  seen  in 
^hich  good-sized  bowlders  are  embedded.  Since  there  is  little  moraine  in  the  portion 
of  the  glaciers  above  water  level,  and  since  the  marginal  moraine-covered  portions  of  the 
glaciers  discharge  few  icebergs,  we  assume  from  the  abundance  of  d6bris-charged  icebergs 
that  there  is  much  moraine  incorporated  in  the  lower  layers  of  the  glaciers,  and  that  these 
debris-charged  layers  extend  a  considerable  distance  above  the  bottom  of  the  glaciers. 

The  discharge  of  icebergs  is  almost  constantly  in  progress  from  the  front  of  the  largest 
tidal  glacier,  the  Hubbard^  and  at  frequent  intervals  from  the  other  two.  One  need 
look  at  the  Hubbard  front  but  a  few  minutes  to  see  the  fall  of  icebergs,  while  the  sound  of 
their  discharge,  and  the  waves  to  which  they  give  rise,  are  almost  incessant.  The  most 
noticeable  discharge  is  that  from  the  ice  cliff  above  water  level,  from  which  single  blocks 
and  avalanches  of  many  blocks  are  commonly  seen  cascading  down  the  ice  front  and 
sending  the  spray  high  in  the  air.  Occasionally  great  masses  tumble  down  into  the  fiord, 
but  most  of  the  discharge  is  in  the  form  of  small  pieces,  a  few  feet  in  diameter.  Even 
when  a  large  mass  starts,  it  usually  crumbles  ,in  its  descent  and  reaches  the  fiord  in  small 
pieces,  for  the  upper  ice  is  evidently  not  only  brittle,  but  weakened  by  much  breaking. 
Often,  when  viewed  from  a  distance,  the  falls  of  ice  down  the  glacier  front  resemble  a 
mass  of  falling  water.  These  iceberg  falls  from  the  tidal  cliff  are  made  possible  by  the 
attack  of  the  sea  water  at  and  below  the  visible  cliff  base,  by  the  extensive  crevassing  which 
breaks  the  upper  glacier,  and  by  the  melting  of  the  glacier  in  the  air,  by  means  of  which 
the  disruption  of  the  ice  is  extended.  By  these  means  the  rapidly-moving  glacier  is 
checked  in  its  advance. 

Work  Performed.  Because  of  the  rapid  and  abundant  discharge  of  ice  from  the  cliff 
above  tide  level  a  submerged,  projecting  ice  foot  is  produced  from  which  masses  rise  eveiy 
now  and  then,  producing  the  larger  bergs  of  the  inlet,  including  the  glassy  and  most  of 
the  debris-charged  icebergs.  Probably  most  of  these  rising  icebergs  are  small,  but  both 
Russell  and  the  senior  author  have  witnessed  the  rising  of  large  masses,  and  there  are 

1  See  TaiT.  R.  S.,  The  Yakutat  Bay  Region,  Alaska,  Professional  Paper  64,  U.  S.  Geol.  Survey,  1900,  pp. 
00-106,  120-1S7;  Some  Phenomena  of  the  Glacier  Margins  in  the  Yakutat  Bay  Region,  Alaska,  Zeitsdirift 
for  Gletscherkunde,  Yd.  m,  1008,  pp.  81-110;  von  Engdn,  O.  D.  Zeitschrift  fUr  GleUdierkunde,  Vol.  VI, 
1011,  pp.  104-150. 
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many  hundreds  of  large  icebergs  floating  in  the  fiord  at  all  times,  most  of  which  must 
have  come  from  the  lower  part  of  the  glacier.  When  such  great  masses  rise  th^  send 
out  huge  waves  which  cause  violent  surf  on  the  neighboring  coast. 

The  formation  and  dispersion  of  icebergs  produces  important  results  in  addition  to 
checking  the  advance  of  glaciers.  One  of  the  most  important  of  these  is  that  of  marine 
erosion  resulting  from  the  iceberg  waves.  Within  three  or  four  miles  of  Hubbard  Glacier 
front  iceberg  waves  are  almost  constantly  breaking,  and  frequently  with  such  violence 
that  it  is  sometimes  di£Scult  to  land,  even  on  a  beach,  and  dangerous  to  attempt  a  land- 
ing on  a  rocky  coast.  These  waves  are  accomplishing  far  more  work  of  erosion  than  the 
wind  waves,  and  they  are  both  building  beaches  and  cutting  sea  cliffs.  Gilbert  foimd, 
what  our  observations  abundantly  confirm,  that  some  of  the  sea  cliffs  near  the  tidal  glacier 
fronts  are  at  a  higher  level  than  these  waves  now  reach,  evidently  having  been  formed 
when  the  glacier  fronts  were  nearer  and  the  waves,  therefore,  both  higher  and  more 
vigorous. 

Since  practically  all  of  the  icebergs  melt  within  Yakutat  Bay  they  are  important  agents 
in  transportation  of  the  sediment  which  is  accumulating  there.  They  contribute  both 
to  the  beaches  and  to  the  sediments  away  from  the  shore,  which  are  mainly  clay  brought 
by  the  glacial  streams.  One  may  be  confident  that  scattered  through  these  fine-grained 
sediments  is  a  notable  admixture  of  coarser  ice-borne  fragments,  even  to  the  size  of 
large  bowlders.  By  this  iceberg  dispersion  of  glacier-borne  material,  the  rate  of  upbuild* 
ing  of  moraine  deposits  at  the  front  of  tidal  glaciers  is  greatly  diminished;  and  when  one 
finds  such  an  extensive  submarine  moraine  as  that  which  sweeps  in  a  broad  crescent 
at  the  mouth  of  Yakutat  Bay  he  may  feel  certain  that  the  ice  stood  there  for  a  long  time. 
Probably,  too,  it  is  composed  in  large  part  of  materials  poured  into  the  sea  by  the  glacial 
streams. 

Many  of  the  icebergs  are  stranded  on  the  beaches.  At  times  the  west  shore  of  Disen* 
chantment  Bay  and  Yakutat  Bay  as  far  as  the  Kwik  River  is  so  covered  by  stranded 
bergs  that  it  is  difficult  to  land  a  boat,  especially  when  the  surf  is  breaking.  These 
stranded  icebergs  melt  rapidly  and  contribute  much  material  to  the  beaches;  the  surf, 
swirling  among  them,  moves  and  grinds  up  the  beach  material;  the  icebergs  are  rocked 
and  pushed  back  and  forth,  aiding  directly  in  erosion;  and  only  rarely  do  they  form  such 
a  rampart  as  to  check  erosion  by  completely  breaking  the  force  of  the  waves.  Off  shore, 
large  bergs  are  often  stranded,  and  when  th^  run  agroimd,  they  must  plow  up  the  bottom 
material,  while  when  they  break  and  the  fragments  rock  back  and  forth,  they  must  cause 
still  further  erosion,  and  the  waves  to  which  they  give  rise  add  materally  to  the  surf  work 
on  the  neighboring  beaches.  Many  of  the  stranded  bergs  remain  for  several  days  in  one 
place  and  must  give  rise  to  local  deposits  of  coarse  material,  forming  pockets  in  the  midst 
of  plowed  up  and  disturbed  clay  and  sand  sediments.  The  same  phenomenon  is  often 
observed  on  the  beaches  where  icebergs  have  stranded  at  high  tide,  and  on  melting,  or 
floating  off,  have  left  pockets  of  angular  rock  fragments  in  a  pit  in  the  sand,  where  the 
iceberg  stood.  So  much  coarse  material  is  brought  by  the  icebergs  that  all  the  beaches 
in  the  zone  of  abundant  bergs  contain  a  notable  admixture  of  coarse  fragments,  including 
bowlders  of  good  size,  especially  at  and  near  the  low  tide  mark,  where  large  icebergs  often 
strand. 

Dispersion  of  the  Icebergs.  The  dispersion  of  the  icebergs  of  Yakutat  Bay  is  very 
peculiar,  for,  notwithstanding  their  abundance  and  the  large  size  of  many  of  them,  it 
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is  rarely  the  case  that  one  is  seen  in  the  broad  outer  part  of  the  bay»  and  so  few  escape  to 
the  ocean  that  they  are  not  considered  a  menace  to  navigation.  A  broad  and  constant 
stream  of  icebergs  passes  out  of  Disenchantment  Bay,  hugging  the  west  shore,  thou^ 
broadening  somewhat  in  the  outer  portion;  but  beyond  the  Kwik  River  few  are  ever  seen, 
and  they  are  normally  rare  in  the  central  and  eastern  parts  of  the  bay.  Practically  the 
entire  mass  of  ice  discharged  by  the  three  tidal  glaciers  is  melted  either  in  the  waters  of 
the  inlet,  or  by  stranding  on  the  west  shore  north  of  the  Kwik  River.  This  is  very  differ- 
ent from  the  condition  at  Columbia  Glacier  where  the  waters  of  the  inlet  are  not  heavily 
burdened  with  icebergs,  for,  in  spite  of  the  great  amount  of  ice  discharged  from  the 
glacier,  a  few  of  the  bergs  are  carried  out  of  the  fiord  into  Prince  William  Sound.  In 
Yakutat  Bay  some  set  of  conditions  prevents  the  discharge  of  the  icebergs  throu^  the 
broadly-open  bay  mouth. 

The  Ice  Jam  of  June,  1910.  In  June,  1910,  the  junior  author  encoimtered  an  ice  jam  in 
Yakutat  Bay  which  seems  to  have  been  caused  by  a  combination  of  imusual  conditions 
which  was  not  present  at  the  times  of  our  earlier  visits.  When  we  sailed  into  Disenchant- 
ment Bay  on  June  12, 1910,  we  found  much  heavier  ice  at  the  native  sealing  camp  than  in 
previous  years,  and  from  that  point  to  Osier  Island  the  boat  was  forced  throu^  the  ice 
pack  with  the  greatest  difficulty.  There  was  much  less  clear  water  between  the  sealing 
camp  and  Calahonda  valley  than  usual,  and  from  the  south  end  of  Haenke  Island  to 
Osier  Island  there  was  a  solid  jam  of  icebergs  without  any  open  lanes  whatever.  Near 
shore,  as  well  as  out  in  the  bay,  the  conditions  were  the  same,  and  only  by  pushing  the 
bergs  aside  with  boat  hooks  and  oars  were  we  able  to  keep  the  bow  and  propeller  suffi- 
ciently clear  so  that  the  engine  could  keep  the  boat  progressing.  There  was  an  enormoiis 
and  unusual  proportion  of  bergs  so  large  that  they  could  not  be  pushed  aside,  and  the 
danger  of  their  overturning  and  swamping  the  boat  kept  us  constantly  on  the  alert. 
The  tidal  currents  also  added  to  the  difficulty  by  drifting  towering  icebergs  down  upon 
the  boat  when  it  was  temporarily  at  a  standstill.  It  took  us  from  5  in  the  afternoon  to 
lO.SO  at  night  to  travel  the  last  part  of  the  way,  a  distance  which  the  boat  ordinarily 
would  make  in  less  than  an  hour.  The  next  day  we  could  see  the  ice  jam  clearly  and 
foimd  Disenchantment  Bay  and  Russell  Fiord  tightly  packed  with  icebergs  (PL  XC) 
from  the  sealing  camp  to  Marble  Point,  an  area  of  between  40  and  45  square  miles.  This 
is  exclusive  of  a  great  number  of  icebergs  in  outer  Yakutat  Bay,  the  west  side  of  which 
is  commonly  filled  with  icebergs,  as  already  stated.  The  east  side  also  had  many  more 
bergs  than  is  common,  as  is  stated  later,  and  there  were  more  than  usual  in  Nunatak 
Fiord  and  the  south  part  of  Russell  Fiord.  Between  the  sealing  camp  and  Marble  Point 
the  fiord  was  absolutely  filled  with  ice,  a  condition  which  we  have  never  before  observed. 

On  the  evening  of  June  13th  there  seemed  to  be  a  narrow  strip  of  clear  water  on  the 
north  side  of  Russell  Fiord  southeast  of  the  delta  of  Variegated  Glacier;  but  on  the  14th* 
when  we  tried  to  cross  to  this  from  Osier  Island  the  ice  jam  was  still  so  compact  that  the 
launch  was  unable  to  make  headway  against  it.  We  struggled  for  six  hours  (from  six  in 
the  morning  to  noon),  and  travelled  less  than  a  half  mile.  The  smaller  ice  fragments 
had  frozen  together  the  night  before,  some  of  the  conglomerate  cakes  being  strong  enough 
to  bear  the  weight  of  a  man,  and  it  was  necessary  to  break  these  apart  with  an  oar  or 
axe  before  the  boat  could  penetrate  through  them.  There  were  hundreds  of  very  large 
bergs  where  in  previous  years  we  had  commonly  seen  a  dozen  or  less,  and  between  them 
was  such  a  solid  pack  of  smaller  fragments  that  no  water  was  visible  in  the  fiord.    It  was 
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necessary  to  turn  the  boat  this  way  and  that,  and  four  of  us  were  busy  all  the  time  break- 
ing ice,  pushing  bergs  from  imder  the  bow  and  away  from  the  propeller  while  the  other 
three  respectively  steered  the  boat,  started,  stopped  and  backed  the  engine,  and  attended 
to  the  smaller  boat  we  were  towing.  Sometimes  we  were  stopped  absolutely  for  several 
minutes  at  a  time  and  now  and  then  the  tide  drifted  the  largest  icebergs,  which  we  at- 
tempted to  avoid,  down  close  to  us.  When  one  of  these  bergs,  rising  fully  100  feet  above 
water,  and  therefore  six  to  seven  hundred  feet  from  base  to  crest,  turned  over  and  went 
to  pieces  a  hundred  yards  from  us  we  were  not  a  little  dismayed,  for  if  the  same  thing 
had  happened  when  we  were  a  little  nearer  it  would  have  been  entirely  impossible  to  go 
away  or  even  to  turn  the  boat  bow-on  to  the  gigantic  wave  which  spread  from  the  crum- 
bling iceberg.  The  filling  of  the  boat  by  a  wave,  or  the  falling  of  one  of  the  ice  fragments 
into  the  launch,  would  have  resulted  in  instant  disaster.  These  personal  adventures 
are  narrated  here  to  show  the  dense  character  of  the  ice  jam  on  June  12th,  ISth,  14th  and 
15th.  Venturesome  as  some  of  the  party  were,  it  was  agreed  by  all  that  the  mass  of 
icebergs  was  not  to  be  penetrated  by  our  boat,  and  after  struggling  to  the  lee  of  a  reef 
and  anchoring  at  noon  in  the  hope  of  better  conditions  after  the  tide  had  turned,  we  were 
temporarily  forced  to  give  up  the  struggle  with  the  ice. 

On  June  16th,  however,  there  was  less  ice  in  Russell  Fiord  than  on  the  four  previous 
days,  and  we  made  our  way  slowly  through  the  ice  pack  to  Marble  Point,  above  which  the 
fiord  had  many  clear  lanes. 

During  the  next  two  days  when  we  were  busy  in  Nunatak  Fiord,  Seal  Bay,  and  the 
head  of  Russell  Fiord  nothing  was  seen  of  the  conditions  near  Osier  Island,  and  on  our 
return  June  19th  the  ice  jam  had  cleared  to  such  an  extent  that  we  were  able  to  find 
enough  clear  lanes  so  that  an  easier  trip  was  made  back  to  the  vicinity  of  the  native  seal- 
ing camp,  in  the  course  of  which  a  landing  was  effected  on  the  border  of  Hubbard  and 
Variegated  Glaciers  and  a  few  soundings  were  made  between  Osier  and  Haenke  Islands 
and  the  Hubbard  Glacier.  The  waves  from  falling  ice  pinnacles  on  Hubbard  Glacier 
were  damped  by  the  blanket  of  icebergs  covering  the  fiord  so  that  there  was  little  danger 
from  them  while  we  were  in  the  thicker  ice. 

On  June  20th,  and  again  the  next  day,  we  attempted  to  force  the  launch  through  the 
ice  of  southern  Disenchantment  Bay  to  the  west  shore,  where  we  were  most  anxious  to 
visit  Lucia  Glacier.  Similar  conditions  to  those  near  Osier  Island  were  encountered,  and 
although  we  went  south  into  outer  Yakutat  Bay  some  distance  toward  the  Kwik  River 
we  were  unable  to  cross  the  bay.  The  huge  bulk  of  giant  icebergs  looming  through  a 
dense  fog  added  to  the  difficulty  here  and  it  was  impossible  to  see  any  distance  ahead. 
We  steered  by  compass,  though  with  innumerable  detours,  and  were  eventually  turned 
back  because  of  the  entire  absence  of  open  lanes  through  the  ice.  On  Jime  22nd  it  was 
also  impossible  to  cross  Yakutat  Bay  to  the  west  side  because  of  the  ice  jam  and  on  this 
and  the  preceding  days  we  forced  our  boat  through  much  thicker  ice  than  we  had  pene- 
trated in  the  previous  years'  work  in  Yakutat  Bay,  making  a  few  soundings  along  the 
east  shore  of  Disenchantment  Bay.  Going  down  to  Knight  Island,  very  heavy  ice  was 
encoimtered  in  the  broad  outer  part  of  Yakutat  Bay,  the  pack  filling  the  bay  to  the  east 
shore  some  distance  south  of  Logan  Beach.  Except  for  scattered  fragments  we  have 
never  before  seen  floating  ice  on  this  east  shore.  Residents  at  Yakutat  Bay  told  us  that 
many  icebergs  came  ashore  earlier  in  June  as  far  south  as  Khantaak  Island. 

Summarized,  therefore,  the  ice  jam  of  June,  1910,  in  Yakutat  Bay,  Disenchantment 
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Bay,  and  Russell  Fiord  was  a  feature  not  observed  in  previous  years.  It  was  heavier 
near  Osier  Island  on  June  12th  to  16th  than  on  the  19th  and  near  the  sealing  camp  on  June 
19th  to  22nd  than  on  the  12th.  We  thought  of  it  at  first  as  possibly  due  to  a  great 
advance  and  increase  of  iceberg  discharge  from  Hubbard  or  Nunatak  Glacier,  or  both. 
This  was  perhaps  a  contributing  cause,  but  the  clearing  up  of  the  ice  jam,  even  while  we 
were  there,  shows  that  it  was  not  the  chief  reason.  As  a  matter  of  fact  neither  glacier 
had  advanced  much,  and  Nunatak  Glacier  which  moved  out  the  farthest  of  the  two  did 
not  supply  Nunatak  Fiord  with  many  more  icebergs  on  June  17th  than  during  the  pre- 
vious years. 

The  ice  jam  seems  to  be  due  mainly  to  a  climatic  combination.  There  was  an  ezcq>- 
tionally  heavy  snowfall  in  1909-10  and  a  late  spring,  for  photographs  show  that  there 
was  much  more  snow  at  sea  level  in  Yakutat  Bay  on  June  11-26, 1910,  than  at  the  time  of 
Russell's  visit  on  July  3, 1890,  or  that  of  the  Harriman  Expedition  on  June  19-22,  1899. 
There  was  far  more  than  during  our  previous  visits.  The  local  climate  was  therefore 
colder,  icebergs  melted  more  slowly,  and  their  freezing  together  at  ni^t  hindered  free 
floating  with  the  tide.  These  conditions,  combined  with  a  little  increase  of  iceberg  dis- 
charge, are  doubtless  responsible  for  the  ice  jam  of  June,  1910.  Such  a  jam  may  oocur» 
in  less  accentuated  form,  eveiy  spring.  Our  previous  visits  have  perhaps  been  just  too 
late  to  witness  it,  though  natives  have  reported  heavy  ice  which  interfered  with  sealing 
operations  just  before  our  arrival  in  several  previous  years.  There  was  probably  lesi 
ice  just  before  our  visit  in  1910,  for  a  bear  hunter  and  the  missionary  of  Yakutat  had 
each  penetrated  into  Russell  Fiord  in  a  smaller  and  less  powerful  boat  than  ours  not 
long  before  our  visit  in  the  middle  of  June.    They  encountered  less  ice  than  we  did. 

Since  the  ice  jam  formed  after  these  visits  and  cleared  up  somewhat  while  we  were 
there,  probably  moving  outward  down  the  bay,  it  is  thought  to  be  an  abnormal  occur- 
rence due  to  such  a  combination  of  circumstances  as  is  outlined  above. 

There  seems  to  have  been  a  similar  ice  jam  in  Yakutat  Bay  in  the  spring  of  1911,  as  is 

indicated  by  the  folloTving  letter. 

Brandi  Hydrognfltac  Office^ 

POBT  ToWMBEirDw  WaBH. 

April  17, 1911. 
NOTICE  TO  MABINERS 

Captain  McGillivny  of  the  Am.  S.  S.  "BERTHA**  reports  that  on  April  10, 1911  in  Lat  ^9''  88',  N.  Long., 
141^  80^  W.  paned  throu^  a  6dd  of  drift  ice  and  laige  bergi.  Ship  ran  58  miles  £.  N.  E.  with  ioe  on  all  sides 
as  far  as  80  miles  off  shore.  Had  to  stop  the  ship  on  several  occasions  on  account  of  large  bergs  floating  so  dost 
together.  Ice  was  probably  blown  out  of  Disendiantment  Bay.  Large  bergs  were  drifting  toward  the  track 
of  ships  passing  to  the  eastward  of  Cape  St.  Elias. 

A.  B.  Wtcxoit, 
LimiL  U.  8.  N, 

The  latitude  and  longitude  given  is  off  the  western  edge  of  Malaspina  Glacier  and 
almost  directly  south  of  the  new  Icy  Bay  (Chapter  III).  It  is  quite  possible  that  these 
icebergs  may  have  come  from  there  rather  than  from  Disenchantment  Bay.  As  drift 
ice  in  sufficient  amount  to  interfere  with  navigation  is  exceedingly  unusual  in  this  part 
of  the  Pacific  Ocean  the  occurrence  is  well  worth  attention. 

Glacial  Sculpture  Below  Sea  Level.  Glacial  erosion  above  sea  level  was  studied  in  our 
investigation  before  1910  and  earlier  by  Russell  and  Gilbert.  Below  sea  level  the  form 
of  the  bay  and  fiord  are  revealed  by  soundings,  which  were  first  carried  on  aystematicaHy 
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by  the  junior  author  in  1910.  Earlier  soundings  had  been  made  as  follows.  In  1786 
the  French  explorer,  LaP^x>use,  recorded  depths  of  water  in  the  mouth  of  outer  Yakutat 
Bay.  In  1787  the  English  explorer,  Dixon,  soimded  in  Port  Mulgrave,  the  harbor  at  the 
east  entrance  of  Yakutat  Bay.  In  1791  Malaspina,  an  Italian  in  the  service  of  the  Span- 
ish, made  a  few  soundings  in  lower  Disenchantment  Bay  between  the  native  sealing  camp 
and  Haenke  Island,  and  made  a  good  map  of  Port  Mulgrave  with  soundings.^  In  1788, 
1793,  or  1807  Russian  explorers  made  three  or  four  soundings  in  western  Yakutat  Bay 
near  Galiano  Glacier.'  Other  soundings  were  made  in  Icy  Bay  near  the  west  side  of 
Malaspina  Glacier  by  these  Russians  and  by  several  English  explorers. 

In  1890  the  American  Revenue  Cutter  Corwin  took  Russell  into  Disenchantment  Bay, 
making  two  soundings,  which  an  officer  of  the  ship  has  since  roughly  located  for  us,  near 
the  native  sealing  camp  and  west  of  Haenke  Island.  They  also  made  several  unrecorded 
soimdings,  and  Russell'  says  that  ''soundings  made  between  the  island  (Haenke)  and 
the  ice  foot  (Hubbard)  gave  forty  to  sixty  fathoms,"  and  that  ''a  few  soimdings  made  in 
Disenchantment  Bay  within  half  a  mile  of  the  land  showed  a  depth  of  from  40  to  120 
fathoms."  In  1891  Russell  attempted  to  determine  the  depths  of  water  in  what  we  now 
call  Russell  Fiord  and  states  ^  that  ''with  a  line  170  feet  long  we  could  get  soundings 
only  in  the  smaller  coves  and  occasionally  within  a  few  rods  of  shore."  In  1892,  a  century 
after  the  early,  precisely-located  soundings  by  Malaspina,  the  U.  S.  Coast  and  Geodetic 
Survey  made  an  excellent  chart  of  outer  Yakutat  Bay,  showing  the  depths  of  water 
from  the  Pacific  to  the  mouth  of  Disenchantment  Bay.  This  is  the  basis  for  the  bathy- 
metric  map  by  Gilbert  ^  which  is  reproduced  in  this  book  as  Fig.  21.  The  Harriman 
Expedition  made  no  recorded  soimdings  in  1899,  though  they  carefully  investigated  with 
the  lead  before  taking  the  George  W.  Elder  through  Disenchantment  Bay,  Nunatak  Fiord, 
Seal  Bay,  and  to  the  very  head  of  Russell  Fiord,  demonstrating  that  an  ocean-going 
steamer  can  sail  in  all  parts  of  this  deep  inlet,  where  floating  ice  does  not  prevent.  We 
ourselves  made  no  soundings  in  1905  or  1906.  In  1905,  however,  we  did  locate  several 
new  reefs,  north  of  Haenke  Island  and  east  of  Knight  Island,  which  were  uplifted  during 
earthquakes  in  September,  1899.*  We  also  made  several  hundred  measurements  of 
amounts  of  vertical  change  in  about  120  miles  of  shoreline,  where  there  were  uplifts  of 
from  7  to  47  feet,  submergences  of  from  5  to  7  feet,  and  unknown  changes  offshore,  where 
there  was  faulting  along  some  of  the  fiords.  In  1909  an  attempt  was  made  to  cany  out 
a  systematic  series  of  soundings,  but  the  attempt  failed  because  the  apparatus  which  we 
had  proved  to  be  inadequate. 

In  1910,  the  junior  author,  ably  assisted  by  Mr.  E.  F.  Bean  of  the  University  of  Wis- 
consin, made  soundings  throughout  Russell  Fiord  and  all  of  Disenchantment  Bay  except 
the  iceberg-crowded  western  portion.  A  boat  sounding  apparatus  loaned  by  the  U.  S. 
Coast  and  Geodetic  Survey  made  it  possible  to  secure  most  satisfactory  results  which  are 

>  These  French,  En^iah,  Spanuh,  and  Russian  soundings  are  plotted  in  the  respective  reports  and  atlases 
and  reproduced  by  Russell  in  Nat.  Geog.  Mag.,  Vol.  m,  1891,  Plates  8,  4,  6,  and  7. 

•  Shown  in  Tebenkof 's  Atlas,  1852,  and  reproduced  by  Davidson  in  Trans,  and  Proc  Geog.  Soc.  PaciOc,  1904^ 
PI.  6. 

«  Russell,  I.  C,  Nat.  Geog.  Mag.,  Vol.  m,  1891,  pp.  56  and  100.  , 

« Russell,  I.  C,  ISth  Ann.  Rept.,  U.  S.  Geol.  Survey,  Part  II.  1892,  p.  90. 

•  Gilbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  m,  1904,  Fig,  27,  p.  50. 

•  Tarr,  R.  S.  and  Martin,  Lawrence,  Bull.  Geol.  Soc  Amer.,  Vol.  17,  1906,  PI.  28  facing  p.  54.  These  reefs 
aie  also  referred  to  in  U.  S.  Coast  Pilot,  Alaska,  Part  1, 1908,  pp.  185-186. 
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plotted  in  PL  XCI  and  our  contour  maps.  The  depths  shown  were  all  obtained  in  1910 
except  the  one  of  264  feet  west  of  Ilaenke  Island,  which  was  made  by  the  Corwin  in  1890» 
two  of  630  and  1002  feet  resi>ectively  in  the  moutli  of  outer  Yakutat  Bay,  made  by  the 
Coast  Sur\'ey  In  1892,  and  two  of  720  feet  (no  bottom),  south  of  Haenke  Island,  made  by 
Malaspina  in  1791.  None  of  these  soundings  in  1910  arc  corrected  for  mean  sea  level  and 
they  were  taken  at  various  and  unrecorded  stages  of  tide.  As  the  extreme  range  of 
tides  at  Yakutat  village  is  seven  to  ten  feet,  and  the  maximum  in  Russell  Fiord  probably 
not  greatly  in  excess  of  this»  the  greatest  error  in  any  sounding  is  surely  less  than  ten  feet, 
which  for  the  purposes  of  this  discussion  is  negligible.  Not  quite  all  our  soundings 
are  shown  on  PI.  XCI,  because  of  the  small  size  of  the  map.  Each  sounding  is  plotted 
so  that  the  middle  of  tiie  figure  is  at  the  location  of  the  sounding. 

These  soundings  show  specifically,  what  we  had  previously  inferred,  that  the  fiord  is 
very  deep.  It  reaches  a  maximum  of  1119  feet  below  sea  level  in  southern  Russell  Fiord, 
where  it  exceeds  even  the  greatest  recorded  depth  in  outer  Yakutat  Bay.  The  depths 
in  Disenchantment  Bay  range  from  150  to  942  feet,  with  possibly  greater  dqiths 
in  the  western  half  of  the  bay,  where  the  ice  jam  made  sounding  impossible.  There  is  a 
channel  east  of  Haenke  Island  sloping  regularly  southward  from  264  to  576  feet.  North- 
western Russell  Fiord  slopes  southeastward  from  216  to  888  feet,  being  shallowest,  as  Dis- 
enchantment Bay  is  also,  near  Hubbard  and  Variegated  Glaciers.  Nunatak  Fiord  has 
depths  of  from  261  to  666  feet,  not  sloping  regularly  as  northwestern  Russell  Fiord  does. 
Southern  Russell  Fiord  has  depths  of  from  786  to  1119  feet,  with  rapidly  shoaling  water 
in  Seal  Bay  near  Hidden  Glacier  and  at  the  head  of  the  bay  where  the  fiord  emerges  from 
its  mountain  walls  and  expands  in  the  Yakutat  Foreland.  In  all  parts  of  the  inlet  the 
water,  of  course,  shallows  rapidly  near  shore  but,  as  Russell  observed,  the  fiord  is  every- 
where deep  and  steep-sided. 

The  great  depth  below  sea  level,  the  form  of  the  submerged  topography,  and  the  de- 
partures from  normal  slopes,  etc.,  are  all  explained  satisfactorily  by  glacial  erosion,  ^Aikh 
seems  to  have  completely  erased  the  structural  or  stream-carved-and-submerged  pre- 
glacial  topography.  The  features  in  connection  with  glacial  deposits  below  sea  level 
will  be  taken  up  on  a  subsequent  page.  Those  due  to  glacial  sculpture  faU  under  the 
headings  of  (a)  the  fiord  cross-section,  (b)  the  longitudinal  bottom  profile  of  fiords,  (c) 
the  submerged  hanging  valleys. 

The  fiord  cross-section  (Figs.  17  and  18)  is  plainly  that  of  a  round-bottomed  V,  as 
Davis  has  phrased  it,  rather  than  the  often-quoted  U-shape.  The  slopes  above  and 
below  sea  level  are  not  essentially  different.  Knowing  the  depths  of  water  in  the  fiord, 
and  the  steep-sided  character  of  the  fiords,  the  bulk  of  rock  eroded  in  the  formation  of 
these  fiords  could  be  computed  and  the  result  would  be  a  striking  figure.  How  rapidly 
the  water  deepens  offshore  in  places  is  shown  by  the  fact  that  a  sounding  100  yards  from 
the  coast  near  Ft.  Latouche  at  the  east  entrance  to  Disenchantment  Bay  gave  812  feet, 
a  slope  of  over  45  degrees.  The  fiord  cross-section  is  a  simple  one  and  its  large  pattern 
is  that  of  glacial  erosion,  in  contrast  with  the  angular  pattern  of  faulting  or  the 
complex,  small-textured  pattern  of  stream  erosion. 

The  longitudinal  bottom  profile  of  fiords,  brings  out  three  points:  (1)  we  cannot  dis- 
tinguish irregularities  due  to  glacial  erosion  from  those  due  to  glacial  deposition  below 
water  by  soimdings  alone;  (2)  the  vertical  range  in  the  bottom  profile  constitutes  a  marked 
contrast  between  fiord-bottom  profiles  and  those  of  stream  valleys;  (S)  because  of  the 
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flattish  bottom  revealed  in  cross-sections  and  the  stru^tness  of  fiord  walls,  a  number  of 
similar,  parallel,  bottom  profiles  exist  in  every  fiord. 

The  first  point  is  well  brought  out  by  comparing  the  submerged  contours  of  north- 
western Russell  Fiord  with  those  of  Nunatak  Fiord  and  southern  Russell  Fiord.  The 
bottom  profile  of  the  former  reveals  a  persistent  southeast  slope  at  the  rate  of  nearly 
sixty  feet  to  the  mile,  while  the  latter  do  not  slope  consistently  but  have  marked  up  and 
down  grades.  These  might  perfectly  well  be  due  either  to  irregular  glacial  scooping 
or  to  monunes  below  sea  level,  resting  on  a  simple  slope  similar  to  that  in  northwestern 
Russell  F^ord.  With  glaciers  of  this  sisie,  differential  glacial  erosion  of  two  or  three  hun- 
dred feet  in  a  distance  of  several  miles  in  a  longitudinal  valley  is  perfectly  possible,  as 
glacial  rock  basins  in  various  regions  testify,  but  submerged  moraines  of  this  height  are 
also  possible.  It  is  enou^  to  point  out  here  that  the  bottom  profiles  are  thus  interrupted, 
as  in  Nunatak  Fiord  and  lower  Russell  Fiord,  in  contrast  with  regular,  uninterrupted, 
bottom  slopes  in  northwestern  Russell  fHord  and  the  channel  east  of  Haenke  Island  in 
Disendiantment  Bay,  and  that  we  ascribe  some  such  interruptions  in  grade  to  glacial 
scooping,  and  others  to  submerged  moraines.    Imperfectly  eroded  \aKbB  surrounded  b 


deep  water  also  exist,  such  as  the  12  foot  shoal  near  Osier  Island  where  the  Prituen 
Maquinna  grounded  in  191S. 

The  second  point,  regarding  longitudinal  fiord  bottom  profiles  in  contrast  with  longi- 
tudinal profiles  of  stream  valleys,  cannot  be  lUscussed  adequately  with  the  existing  doubt 
regarding  the  cause  of  these  interruptions  of  fiord  bottom  slopes.  If  some  of  the  two  or 
three  hundred  foot  interruptions  in  slope  are  in  rock,  and  not  due  to  moraine  aocumula- 
lions,  we  have  ao  oxellent  argument  in  favor  of  the  glacial  origin  of  these  fiords,  for 
upgrades  of  200  to  300  feet  are  impossible  in  stream  valley  profiles,  whereas  rock  ba^ns 
would  naturally  develop  in  fiord  bottoms  or  in  valleys  above  sea  level  when  eroded  by  ice. 

He  map  shows  clearly  that  many  parallel  longitudinal  bottom  profiles  are  possible 
with  the  width  of  the  flattish  fiord  floors,  as  in  northwestern  Russell  Fiord.  Hiis  con- 
trasts markedly  with  the  bottom  of  a  submerged,  stream-eroded  valley  where  the  medial 
bottom  profile  is  rarely  strai^t  and  almost  never  could  have  a  ungle  similar  profile  paraUd 
to  it.  There  are  no  submerged  spurs  entering  the  fiord  from  either  side.  The  bottom 
profiles,  longitudinally,  show  that  the  fiord  is  exactly  similar  in  plan  above  and  below 
water  and  is  characteristically  of  the  large,  simple  pattern  produced  by  great  ice  erosion. 

The  submerged  hanging  valley  is  well  illustrated  by  Seal  Bay  (I^g.  17)  which  is  from 
180  to  600  feet  deep  and  hangs  approximately  400  feet  above  Russell  Fiord.  We  think 
<rf  DO  esaeptial  differuioes  in  origin  between  tlie  hanging  vall^  above  and  below  sea 
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level  and  in  this  caae  it  is  very  clear  that  tlie  four  hundred  feet  of  diacordance  n 
tbe  difference  in  erosive  power  of  the  former  Bussell  Fiord  Glacier  and  the  smaller  ke 
stream  of  its  tributary*,  the  Hidden  Glacier.  That  the  Hidden  Glacier  waa  not  wanting 
in  erosive  power  is  evidenced  by  its  steep  valley  walls  below  sea  level  in  Seal  Bay  as  welf 
as  above  sea  level  near  the  present  glacier.  The  lip  of  this  hanging  valley  also  testifies, 
by  its  position  well  out  in  the  fiord,  that  the  Hidden  Glacier  pushed  the  Russell  Fiord 
Glacier  well  to  the  west  at  their  junction,  tlius  lessening  the  diacordance  of  junction. 
That  Hidden  Glacier  did  not  erode  as  fast  as  the  main  ice  stream,  however,  is  shown 
conclusively  by  this  submerged  hanging  valley. 

The  hanging  valley  condition  also  exists  near  Cape  Enchantment,  the  junction  of 
Nunatak  and  Russell  Fiords,  where  the  distributary  of  Hubbard-Variegated  Glacier 
moving  southeastward  tn  tlie  northwest  arm  of  Russell  Fiord  was  evidently  stronger  than 
the  former  Nunatak  Glacier.  The  amount  of  discordance  may  be  as  great  as  444  feet 
or  aa  little  as  SOO  feet,  depending  on  whether  there  is  a  submerged  moraine  here.  It  u 
clear  from  these  soundings  near  Cape  Kndiantment,  and  from  the  upslope  toward  Varie- 
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gated  Glacier,  that  tbe  ioe  from  Nunatak  Fiord  did  not  move  Dorthwestward  towaid 
Hubbard  Glacier  for  a  very  long  time.'  That  this  hanging  valley  is  not  due  to  fsulttog 
is  shown  specifically  by  two  soundings  of  888  feet,  on  either  side  of  a  fault  line  wfakb 
traverses  lie  fiord  bottom.     The  cliff  of  the  hanging  valley  is  a  mile  east  of  this  fault. 

A  third  pronounced  case  of  topographic  discordance  below  sea  level  is  the  channd 
east  of  Haenke  Island  in  Disenchantment  Bay,  whose  relationship  to  Disendiantmeiit 
Bay  is  very  much  like  that  of  the  valleys  north  and  south  of  the  nunatak  of  Nunatak 
Glacier.  The  end  of  this  channel  hangs  at  least  two  or  three  huiulred  feet  above  thtt 
main  Disenchantment  Bay,  the  depths  of  water  in  the  western  part  of  which  are  still 
partly  undetermined. 

It  is  to  be  noted  that  these  submerged  discordances  (200  to  450  feet)  are  less  than  those 
above  sea  level,  for  example  1300  feet  in  one  hanging  valley  of  Nunatak  Fiord,  and  per- 
haps 1600  or  2000  feet  in  others.  This  is  because  glaciers  which  are  large  enough  to 
descend  to  sea  level  usually  are  less  discordant  in  size  and  power  than  those  small  glaciers 
which  do  not  reach  the  sea. 

The  soundings  also  reveal  the  total  amount  of  discordance  of  a  number  of  hanging  val- 

1  Th»t  one  of  ll»U*tnK>v«nmtiwMiiorthirertwBrfii«n^Jy  proved  by  descending  gUd*^  Knmvo,  ndift 
moutoantofonu  with  cnc  and  Uildetail%<:tc    SMFn>IeBioulP^ierH.U.S.G«al.Siimy,  lBO0,p.  llfc 
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leys  whose  mouths  are  not  submerged.  Calahonda  valley,  for  example,  hangs  about 
600  feet  above  eastern  Disenchantment  Bay,  minus  the  slight  amount  to  which  its  rock 
lip,  now  buried  by  outwash  gravels,  lies  below  sea  level.  The  Aquadulce  valley,  at  the 
native  sealing  camp,  probably  hangs  more  than  900  feet.  Several  small  valleys  on  the 
west  side  of  lower  Russell  Fiord  hang  one  or  two  hundred  feet  above  sea  level,  but  their 
total  discordance  to  the  bottom  of  Russell  Fiord  is  1000  or  1200  feet.  The  visible  700  foot 
discordance  of  a  prominent  hanging  valley  in  Nunatak  Fiord  is  increased  to  over  1300 
feet  by  the  depth  of  612  to  666  feet  of  water  in  the  fiord. 

It  is  impossible  to  state  how  much  Tiuner  Glacier  hangs  above  the  bottom  of  Disen- 
chantment Bay,  for  soundings  are  lacking  here.  Turner  is  much  smaller  than  Hubbard 
Glacier  and  the  discordance  should  be  great.  The  visible  discordance  is  at  least  four  or 
five  hundred  feet,  to  which  the  nearest  soimding  adds  only  276  feet.  Between  this  sound- 
ing and  the  Turner  Glacier,  however,  is  just  where  the  powerful  Hubbard  Glacier  should 
have  eroded  most  deeply  within  the  steep  walls  of  Disenchantment  Bay,  and  we  should 
be  surprised  if  the  water  is  not  over  900  or  1000  feet  deep  in  that  part  of  the  fiord. 

Submerged  Glacial  Deposits.  The  soundings  in  the  fiords  tributary  to  Yakutat  Bay 
add  to  our  knowledge  of  the  glacial  deposits  below  sea  level.  It  is  unfortunate  that  time 
was  not  available  for  determining  the  material  on  the  bottom  of  the  fiord  and  for  taking 
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temperatures,  etc.,  and,  in  the  absence  of  bottom  samples,  little  can  be  said  of  the  specific 
nature  of  the  submerged  glacial  deposits.  We  can  speak  more  definitely,  however,  of 
the  topography  of  some  of  the  underwater  deposits. 

In  Nunatak  Fiord  the  soundings  reveal  a  shoal  a  little  less  than  1}  miles  from  the  1910 
ice  front  (Fig.  19).  Upon  this  the  water  is  261  feet  deep  in  mid  fiord  so  that  the  shoal 
rises  294  feet  above  the  fiord  bottom  to  the  east  (toward  the  glacier)  and  about  the  same 
amount  above  the  more  distant  deep  region  to  the  west.  This  may  be  either  a  moraine 
or  a  rock  ridge.  The  ice  front  stood  here  as  recently  as  1899  but  we  do  not  know 
for  how  long.  We  had  previously  suspected  a  shoal  here,  for  large  icebergs  habitually 
stranded  upon  it,  especially  near  the  north  shore,  in  1905  and  1909.  It  may  be 
morainic,  as  Fig.  19  suggests.  It  is  of  undetermined  width  and  descends  most  steeply 
on  the  east  side  (suggesting  an  ice  contact),  where  the  slope  is  not  less  than  800  feet 
to  the  mile,  and  probably  much  less  steeply  on  the  west  where  the  slope  is  between 
100  and  200  feet  to  the  mile  and  flattens  to  84  feet  to  the  mile  and  less  in  a  short  distance 
where  there  may  be  stratified  deposits  built  by  former  streams  from  the  ice  and  by  fiord 
currents.  As  the  glacier  is  known  not  to  have  halted  veiy  long  at  this  1899  position 
we  regard  it  as  possible  that  the  submerged  moraine  is  built  upon  a  slight  irregularity  of 
the  fiord  bottom,  due  to  differential  glacial  erosion;  but  we  do  not  know  enough  of  the 
relative  resistance  to  glacial  erosion  by  the  rocks  making  the  fiord  bottom  to  determine 
this,  and  it  is  considered  possible  rather  than  probable. 

A  second  shoal  which  may  be  wholly  or  in  part  a  submarine  moraine  is  at  the  junction 
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of  Disenchantment  Bay  and  Russell  Fiord,  near  Osier  Island  (Fig.  20)  where  the  water 
is  only  216  to  339  feet  deep  in  contrast  with  depths  of  500  to  800  feet  near  by  in  Rtissdl 
Fiord  and  probable  depths  of  900  to  1000  feet  in  Disenchantment  Bay.  This  may  be 
regarded  as  a  moraine  rather  than  a  place  where  the  fiord  was  originally  shallow  (1) 
because  of  the  suggestive  slope  of  the  mountain  wall  behind  Osier  Island,  which  should 
presumably  descend  as  steeply  below  sea  level  as  it  does  above,  judging  by  other  ct08»* 
sections  of  the  fiord,  and  (2)  because  Hubbard  and  Vari^ated  Glaciers  are  diiecUy 
behind  the  shallow  region  and  are  still  building  up  a  deposit  near  by.  This  is  being  buQt 
up  by  direct  discharge  of  the  debris  carried  to  the  ice  front  of  Hubbard  Glacis,  and  by 
sediment  from  the  streams  beneath  and  at  the  margin  of  Hubbard,  and  from  the  Varie- 
gated and  Orange  Glacier  streams  whose  great  volume,  muddiness,  and  visible  ddtas 
show  how  much  detritus  b  being  carried  into  the  fiord.  Beyond  the  ice  front  and  the 
shore  the  floating  icebergs  are  also  adding  to  the  submarine  deposits.  The  fiord  is  veiy 
shallow,  certainly,  as  might  be  natural  at  the  bifurcation  of  this  valley  where  erosicHi  is 
not  concentrated.  Unfortunately  we  do  not  know  the  d^ths  in  the  uncharted  waters 
of  the  west  side  of  Hubbard  Glacier  and  in  front  of  the  Haenke  and  Turner  Gladys. 
The  moraine,  if  such  it  be,  is  somewhat  abnormal  in  plan  because  built  at  the  junction 
of  two  fiords  and  its  surface  shows  nothing  of  the  steep  ice-contact  feature  of  the 
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supposed  moraine  near  Nunatak  Glacier,  because  the  ice  front  has  not  yet  retreated 
from  it.  The  water  is  deepest  in  mid-fiord,  as  might  be  expected,  but  within  a  hundred 
yards  of  Variegated  Glacier  the  water  b  105  feet  deep  and  increases  rapidly  westward. 
We  do  not  regard  it  as  demonstrated  that  this  is  a  moraine  rather  than  an  originally 
shallow  part  of  the  fiord. 

A  third  shoal,  which  pretty  surely  represents  a  moraine  under  water,  lies  about  7} 
miles  north  of  the  head  of  Russell  Fiord  and  is  of  especial  interest  because  we  had  previ- 
ously postulated  a  halt  of  the  ice  front  of  the  expanded  Russell  Fiord  Glacier  at  about 
this  point,  in  connection  with  (a)  overridden  glacial  gravels  (b)  the  beaches  of  a  marginal 
lake  in  the  lower  end  of  Russell  Fiord.  ^  Both  Russell  and  Gilbert  recognized  the  evi- 
dence of  this  former  lake*,  and  Gilbert  detected  the  signs  of  overriding  in  the  gravels.* 
There  should  be  a  moraine  at  the  junction  of  the  southward  limit  of  overridden  gravels 
and  the  northward  limit  of  the  abandoned  beach  which  were  first  shown  upon  a  map  in 
1905;  and  just  here  the  submerged  moraine  was  found  in  1910.  The  water  is  828  feet 
deep  at  this  point  and  1119  and  1044  feet  on  either  side,  so  that  the  height  of  the  submerged 


i  TaiT»  R.  S.  and  Martin,  Lawrence,  Bull.  Amer.  Geog.  Soc.,  Vol.  XXXVIII,  1906,  pp.  16S-4  and  map 
p.  145;  Tarr,  R.  S.,  Professional  Paper  64,  U.  S.  Geol.  Survey,  1909,  pp.  1S2-1S4,  PI.  XXXVU  and  Fig.  9. 

>Rus8dl,  I.  C,  ISth  Ann.  Rept.,  U.  S.  Geol.  Survey,  1892,  pp.  88-S9;  Amer.  Joum.  Sd.,  2nd  Series,  Vol. 
XLin,  1892,  p.  17S. 

•  Gilbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  HI,  1904,  pp.  48,  51. 
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moraine  above  fiord  bottom  is  at  least  281  feet  on  one  side  and  216  on  the  other.  The 
inferred  conditions  in  southern  Russell  Fiord  before,  during,  and  since  the  building  of 
this  submerged  moraine  are  shown  in  the  three  maps  of  PI.  XCII.  If  this  is  wholly  a 
moraine  the  ice  must  have  halted  here  a  long  time,  for  accumulation  under  water  must 
be  very  slow  indeed. 

In  outer  Yakutat  Bay  the  great  shoal  at  the  entrance  is  surely  morunic,  and  there  may 
be  a  second  moraine  below 
sea  level  northwest  of 
Knight  Island  (Fig.  21)  as 
Gilbert  has  shown.*  It  is 
of  interest  to  compare  this 
outermost  moraine  of  the 
Malaspina-Disenchant- 
ment  Bay  Glacier  with  the 
outermost  moraine  of  the 
Russell  Fiord  Glacier. 
The  former  (Fig.  21)  is  two 
or  three  miles  wide,  rising 
SOO  to  400  feet  above  the 
bottom  of  the  inner  bay, 
and  sloping  steeply  sea- 
ward on  the  Pacific  side, 
where  there  is  no  marked 
convexity.  This  contrasts 
with  the  Russell  Fiord  ter- 
minal moraine  whose  inner 
face  is  revealed  by  the 
soundings  in  1810  (H. 
XCH).  The  Russell  Fiord 
moraine  is  nearly  twice  as 
wide,  rising  to  approxi- 
mately 200  feet  above  sea 
level,  or  275  to  980  feet 
above  the  bottom  of  the 
expanded  end  of  Russell 
Fiord.  It  is  markedly 
convex  seaward  and  is  bordered  by  a  gently-sloping  outwash  plain.  Because  the  glacier 
was  not  cut  back  by  the  ocean  waves  and  melted  back  by  the  salt  water  it  had  the 
form  of  a  bulb  glacier. 

Other  topographic  features  suggestive  of  cither  moraines  below  sea  level  or  ridges 
between  rock  rimmed  basins  of  the  fiord  bottom  (PI.  XCI)  are  (1)  near  Shelter  Cove 
in  southern  Russell  Fiord;  (2)  between  Seal  Bay  and  Cape  Enchantment;  and  (8)  im- 
mediately east  of  the  lip  of  the  hanging  valley  of  Nunatak  Fiord.  In  each  case  the 
topographic  form  of  the  6ord  bottom  indicates  either  a  morainic  shoal  or  an  irregularity 
in  glacial  sculpture.    The  first  of  these  shoals  rises  75  to  100  feet  above  the  general  fiord 

I  Gilbert.  G.  E..  Hurimui  AlaiU  Eqiedi^on,  Vol.  III.  ISO!  pp.  «M0. 
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bottom  and  is  in  a  narrow  place  in  the  fiord,  though  the  mountain  walk  are  the  normal 
distance  apart.  Here  the  lower  part  of  the  glacier  should  erode  most  effectively  instead 
of  leaving  a  shoal.  On  the  other  hand»  there  are  no  abandoned  beaches  extending  up  to 
this  place  as  in  the  case  of  the  submerged  moraine  three  miles  south  of  it  and  we  are 
not  inclined  to  think  that  the  irregularity  represents  a  halt  of  the  ice. 

In  the  second  case  the  upgrade  of  210  feet  in  the  southward  sloping  fiord  bottom  south 
of  Cape  Enchantment  may  be  due  to  imperfect  glacial  sculpture  of  a  massive  oon^omer- 
ate  ^  which  outcrops  just  here  on  the  fiord  walls.  The  third  irregularity,  at  the  mouth 
of  Nunatak  Fiord,  rising  200  feet  above  the  fiord  bottom  to  the  east,  is  also  possibly 
explained  either  by  glacial  sculpture  or  as  a  submerged  moraine,  between  which  it  is 
impossible  to  discriminate  with  the  facts  available. 

The  soundings  made  in  1910  also  establish  the  fact  that,  deep  as  the  water  is,  it  is  prac- 
tically impossible  that  any  of  the  glacier  fronts  of  Disenchantment  Bay  and  Rusadl 
Fiord  are  floating  now  and  they  do  not  seem  to  have  been  afloat  at  any  stage  of  their 
expansion,  judging  by  the  depths  of  water.  This  means  that  there  was  always  active 
glacial  grinding  on  the  fiord  bottom  and  the  problem  arises  as  to  where  this  eroded  mate- 
rial is  now.  In  Russell  Fiord  the  volume,  merely  from  the  part  of  the  fiord  below  sea  levd 
would  be  many  cubic  miles,  and  the  soundings  show  that  more  material  was  eroded 
above  sea  level  than  below.  Some  of  this  material  makes  up  the  great  moraine  south  of 
Russell  Fiord,  some  is  in  the  submerged  moraines,  and  a  great  deal  has  gone  out  to  sea. 
Some,  however,  doubtless  remains  in  the  fiord  bottoms,  making  it  impossible  to  tell  how 
near  a  given  sounding  goes  to  the  rock  bottom  of  the  fiord.  The  measures  of  glacial 
erosion  are,  therefore,  all  minima. 

In  Disenchantment  Bay  and  Russell  Fiord  we  have  no  determinations  of  bottom  mate- 
rial, but  in  outer  Yakutat  Bay  the  Coast  Surv^  chart'  supplies  some  data,  though  not 
enough  for  a  thorough  study.  It  is  evident  that  the  sedimentary  material  would  be 
chiefly  clay  in  depths  of  water  such  as  this,  and  the  offshore  slopes  are  such  that  sand 
should  not  normally  be  carried  very  far  offshore.  In  Disenchantment  Bay  a  section 
sounded  in  1910  off  the  delta  of  Calahonda  vaUey  was  as  follows: 

Distance  from  shore  Depth 

1-8    mile 12  feet 

3-16    "    Ill  " 

1-4      "    294    " 

1-2      "    672    " 

The  initial  slope  of  the  submerged  delta  end  is  at  the  rate  of  1000  to  1200  feet  to  the  mile, 
about  the  same  as  the  rock  surface  upon  which  it  lies. 

A  similar  section  off  the  delta  of  the  Hidden  Glacier  stream  in  Russell  Fiord  shows  a 
first  slope  at  the  rate  of  over  1500  feet  to  the  mile,  which  soon  flattens  out. 

Distance  from  Shore  Depth 

About  100  yards 6  feet 

1-8  nule 195    " 

1-4    " 180    " 

i  TaiT»  R.  S.  and  Butler,  B.  S.,  Professional  Paper  64,  U.  S.  Geol.  Survey,  1909,  PI.  XXXVIL 
>  Chart  Si55,  U.  S.  Coast  and  Geodetic  Survey,  1901  and  1910. 
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DUtanee  from  Shore  Depth 

8-8  mile 222feet 

1-2    "    ' 216    " 

5-8    "    821    " 

8-4    "    8d0    " 

Because  of  the  steep-sided  character  of  the  fiords  in  these  sections,  the  deltas  slope  so 
steeply  into  deep  water  that  sand  should  not  be  found  veiy  far  offshore. 

In  outer  Yakutat  Bay,  where  we  have  both  soundings  and  bottom  determinations, 
the  Coast  Survey  chart  shows  sand  in  depths  of  27  to  80  feet  off  the  borders  of  the  big 
alluvial  fans  of  Malaspina  Glacier.  The  designations  ''rocky"  and  ''small  stones"  are 
used  in  certain  places  near  the  mouth  of  the  bay,  from  which  we  infer  there  are  submerged 
moraines.  Clay  b  the  material  over  nearly  the  whole  of  the  bottom  of  outer  Yakutat 
Bay,  the  chart  showing  blue  mud  and  black  mud  in  a  great  many  soimdings  in  depths  of 
from  120  to  680  feet.  There  is  far  more  sand  near  the  west  than  near  the  east  shore» 
where  there  are  now  no  great  streams  adding  to  the  submerged  glacial  deposits. 

Three  things  stand  out  in  connection  with  the  submarine  deposits  in  Yakutat  Bay  and 
they  are  all  related  to  the  glacial  character  of  these  sediments.  (1)  These  muds  and  clays, 
when  consolidated,  will  make  shales  of  considerable  area  and  great  thickness,  and  there 
will  be  far  more  shale  than  sandstone;  (2)  the  shales  will  be  largely  unoxidized,  because 
so  large  a  proportion  of  the  material  was  ground  by  the  glacier  from  unweathered  rocks; 
(8)  they  will  be  distinguished  from  normal  shales  and  may  be  identified  as  marine,  glacial 
deposits  by  the  angular,  striated  pebbles  and  bowlders  scattered  through  them  by  fioat- 
ing  icebergs.  Enormous  deposits  of  this  sort  are  accumulating  in  Yakutat  Bay  and  its 
branches.  Disenchantment  Bay  and  Russell  and  Nunatak  Fiords,  especially  near  the 
ice  fronts  of  the  Turner,  Hubbard,  and  Nunatak  Glaciers  and  also  where  the  streams  from 
Variegated,  Hidden,  Butler,  Fourth,  and  smaller  glaciers,  and  Black,  Galiano,  Atrevida, 
Lucia,  and  Malaspina  Glaciers  are  pouring  out  sediments  for  submarine  glacial  deposits. 
These  far  exceed  in  extent  the  till  and  bowlder  ridges,  which  rise  here  and  there  above  the 
fiord  bottom. 

CONTRDBUnONS  TO  InTIIRFRETATION  OF  GlACIAL  PHENOMENA 

The  Yakutat  Bay  region  has  given  us  a  number  of  facts  of  observation  which  have  a 
direct  bearing  upon  the  interpretation  of  glacial  phenomena  in  regions  of  former  glada- 
tion.  It  is  a  region  of  great  existing  glaciers,  a  region  from  which  still  greater  glaciers 
have  only  recently  retreated,  and  a  region  of  cool  temperate  climate,  which  has  given 
rise  to  phenomena  more  clearly  resembling  those  of  the  wasting  glaciers  of  the  Glacial 
Period  than  are  observed  in  the  margins  of  the  larger  glaciers  of  the  colder  frigid  zones. 
To  the  student  of  glacial  phenomena  most  of  the  applications  to  interpretation  of  glacial 
features  in  other  regions  will  be  apparent  from  a  reading  of  the  preceding  chapters;  but 
the  matter  seems  of  sufficient  interest  to  warrant  its  specific  consideration  in  a  few  brief 
paragraphs. 

The  Piedmont  Condition.  Where  glaciers  descended  from  mountain  valleys  upon 
bordering  plains  or  plateaus,  or  into  broadel:  vaUeys,  they  expanded  during  the  Glacial 
Period,  as  they  do  now  in  Alaska.  Piedmont  bulbs  and  piedmont  glaciers  spread  out 
at  the  base  of  the  mountains  in  Switzerland,  Germany,  Austria,  and  Italy;  they  devel- 
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oped  in  western  North  America,  and  doubtless  in  all  mountain  areas  where  the  ooDditions 
resemble  those  of  Alaska.  Any  student  of  the  phenomena  to  which  these  ancient  ex- 
panded glaciers  gave  rise  receives  aid  from  the  results  of  the  study  of  the  living  Alaskan 
representatives  of  the  type. 

Deposits  of  Piedmont  Glaciers.  The  extensive  crescentic  moraines  of  the  Alpine  pied- 
mont glaciers,  the  extensive  development  of  associated  outwash  gravel  deposits,  and  the 
depressions  within  the  crescentic  moraines,  often  occupied  by  lakes,  are  so  like  the  Alas- 
kan conditions  as  to  make  it  certain  that  their  interpretation  will  be  aided  by  a  kno^- 
edge  of  the  Alaskan  phenomena.  This  fact  was  vividly  brought  to  the  attention  of  the 
senior  author  in  the  eastern  Alps  when,  in  company  with  Professor  Hans  Crammer,  he 
looked  out  over  the  site  of  tlie  great  piedmont  bulb  of  the  ancient  Salzburg  Glacier;  and 
later  when  crossing  the  moraines  of  similar  bulbs  near  Munich.  In  the  one  case  we  have 
the  process  in  operation  before  our  eyes;  in  the  other  the  finished  product;  but  as  Penck 
and  Brtickner,  Crammer,  and  others  have  observed,  the  nature  of  the  phenomenon  is 
so  clear  in  the  finished  product  that  one  cannot  misinterpret  it.  In  the  details,  however, 
light  must  be  thrown  on  the  interpretation  of  these  records  of  ancient  piedmont  bulbs 
from  the  facts  of  observations  obtained  from  a  study  of  the  living  instances. 

Glacial  Erosion.  From  Russell's  ^  and  Gilbert's  *  studies,  and  later  from  our  ownF 
the  Alaskan  field  has  yielded  facts  of  importance  on  the  subject  of  gladal  erosion,  appli- 
cable to  other  regions  of  glaciation.  Vast  erosion  has  been  performed,  and  many  forms 
resulting  from  glacial  sculpturing  have  been  observed.  This  important  subject  is  not 
specifically  treated  in  this  book,  however,  except  incidentally  in  the  description  of  cer- 
tain Yakutat  Bay  glaciers  and  at  some  length  for  glacial  erosion  below  sea  levd  as  re- 
vealed by  new  soundings  in  Yakutat  Bay  in  1910,  discussed  in  an  earlier  part  of  this 
chapter,  and  in  Part  III,  dealing  with  Prince  William  Sound  and  Copper  River. 

The  features  of  glacial  erosion  are  so  clearly  and  intensively  developed  in  Yakutat 
Bay  and  other  Alaskan  fiords  that  applications,  comparisons,  contrasts,  and  interpreta- 
tions in  other  regions  are  made  easier  by  reason  of  the  perfection  and  recency  of  develop- 
ment of  the  f  orins  of  glacial  erosion  in  the  Alaskan  region. 

Ineffectiveness  of  Weak  Glaciers.  In  the  Yakutat  Bay  region  we  have  had  three  stages 
of  glaciers  (1)  the  present,  dwindling  glaciers,  (2)  former,  greatly  expanded  ice  streams^ 
(3)  an  intermediate  stage  of  rather  weak  expansion.  The  three  stages  clearly  show  differ- 
ences in  extent  of  glacial  erosion.  Profound  work  was  performed  by  the  greatly  expanded 
glaciers,  deepening  valleys  one  or  two  thousand  feet  by  rock  excavation;  the  less  powerful, 
briefer  period  of  advance  failed  to  remove  even  the  unconsolidated  gravels  that  the 
glaciers  overrode.  This  aids  in  understanding  the  ineffectiveness  of  small  dwindling 
glaciers  of  the  present  day.  As  Andrews  has  clearly  shown  we  must  distinguish  between 
the  ice  fiood  and  the  present  day  glaciers,  as  we  must  between  the  stream  flood  and  the 
low  water  stage  of  erosion.  The  phenomena  of  glacial  erosion  in  Yakutat  Bay  throw 
]ight  on  these  differences.    In  the  minor  erosion  of  the  gravels,  by  overriding,  we  have 

1  Russell,  I.  C,  Nat.  Geog.  Mag.,  Vol.  Ill,  1891.  pp.  100,  191;  Amer.  Joam.  Sci.,  8rd  Series,  VoL  4S. 
1892.  p.  17S;  ISth  Ann.  Kept.,  U.  S.  Geol.  Survey,  Part  II,  1892,  pp.  85,  90. 

« Gilbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  Ill,  1904,  pp.  57,  118,  170. 

■  Tarr,  R.  S.  and  Martin,  Lawrence,  Bull.  Amer.  Geog.  Soc.,  Vol.  XXXVIU,  1906,  pp.  15S-160;  Tair.R.  &• 
Popular  Science  Monthly,  Vol.  70,  1907,  pp.  99-119;  Scottish  Geog.  Mag.,  Vol.  24,  1908,  pp.  575-^87; 
Professional  Pkper  64,  U.  S.  Geol.  Survey,  1909,  pp.  107-119. 
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evidence  of  the  nature  of  the  phenomena  that  result  from  such  overriding,  applicable 
to  other  regions. 

Vegetation  in  Glacial  Deyosiia.  The  observed  growth  of  vegetation  at  the  margin  of 
glaciers,  and  even  on  them,  and  its  incorporation  in  marginal  deposits  during  an  advance, 
point  a  clear  warning  against  too  free  use  of  this  class  of  evidence  in  the  interpretation 
of  the  complexity  of  ancient  glaciation.  The  phenomena  of  Yakutat  Bay  glaciation 
prove  conclusively  that  soil  beds,  peat  beds,  and  forest  trees  do  not  of  themselves  contrib- 
ute evidence  of  interglacial  conditions.  They  may  represent  no  more  than  a  half  cen- 
tury or  century  of  stagnation  followed  by  moderate  advance.  This  does  not  disprove 
interglacial  conditions,  nor  argue  against  complexity  of  the  Glacial  Period^  but  it  does  dis- 
credit some  of  the  evidence  upon  which  some  of  the  inferred  complexity  is  based.  More 
than  incorporated  vegetation  is  necessary  for  proof  of  such  complexity. 

Origin  of  Eskers.  Few  eskers  were  observed  in  the  Yakutat  Bay  region,  and  these 
were  short  ones  on  overridden  gravels  in  Russell  Fiord.  The  absence  of  eskers  is  believed 
to  be  due  in  the  main  to  their  burial  beneath  the  fringing  alluvial  fans  whose  apexes  are 
at  the  ice  tunnel  from  which  the  esker-building  stream  emerges,  and  which  follow  up  the 
ice  as  it  recedes.  Esker-building  conditions  apparently  exist  in  the  piedmont  bulbs,  for 
the  streams  maintain  their  courses  for  a  long  time. 

Our  observations  prove  three  important  points  with  respect  to  eskers  (PI.  LXXXIX, 
A).  (1)  As  already  stated,  that  subsequent  alluvial  fan  deposit  may  bury  previously 
made  eskers.  (2)  That,  even  uoder  such  favorable  conditions  as  exist  in  the  broad, 
stagnant,  moraine-covered  glaciers  of  this  region,  eskers  are  not  formed  on  the  glacier 
surface,  for  there  are  no  long  streams.  (3)  That  moving  glaciers  are  unfavorable  to 
esker  formation.  The  advance  of  Marvine  and  Variegated  Glaciers  completely  de- 
stroyed pre-existing  subglacial  drainage;  and  the  point  of  emergence  of  glacial  streams 
from  such  a  normally-moving  glacier  as  the  Nunatak  is  frequently  changed.  From  the 
evidence  of  the  Yakutat  Bay  region  we  believe  that  the  eskers  are  subglacial  deposits 
mainly,  if  not  entirely,  associated  with  stagnant  ice  conditions. 

Oidwash  Gravels.  The  extensive  sheets  of  gravel  and  the  rapidity  of  their  deposit  in 
such  valleys  as  that  of  Hidden  Glacier,  the  absence  of  growth  of  vegetation  on  the  out- 
wash  gravel  plains,  and  the  perfect  rounding  of  the  pebbles,  are  phenomena  which  throw 
light  on  the  extent  and  depth  of  similar  deposits  in  regions  of  former  glaciation.  From 
a  study  of  such  an  outwash  gravel  plain  as  that  which  existed  in  the  Hidden  Glacier  valley 
in  1899,  1905,  and  1906,  or  that  of  the  Kwik  River  valley,  we  can  observe  the  processes 
of  accumulation  which  undoubtedly  existed  in  thousands  of  streams  issuing  from  the 
ancient  continental  glaciers. 

Pitted  Plains.  Where  these  gravels  rest  on  buried  ice,  as  in  the  Hidden  and  Fourth 
Glacier  valleys,  the  phenomenon  of  kettle  formation  and  the  production  of  pitted  plains 
is  observed  in  progress  of  development,  and  an  explanation  of  thousands  of  similar  cases 
is  found. 

Karnes.  Where  gravels  resting  on  ice  settle  very  irregularly,  we  see  in  progress  one 
of  the  important  causes  for  the  formation  of  kames;  and  this  process  is  again  and  again 
illustrated  in  the  Yakutat  Bay  region. 

Buried  Ice  Blocks.  Perhaps  the  most  important  contribution  to  an  interpretation  of 
glacial  phenomena  in  regions  of  former  glaciation  yielded  by  the  Yakutat  Bay  region  is 
the  clear  evidence  of  the  great  importcmce  of  stagnant  buried  ice  in  shaping  the  topog- 
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raphy  of  glacial  deposits.  Not  merely  are  kettle  and  kame  areas  caused,  but  extensive 
depressions  also  result.  The  melting  of  Galiano  Glacier*  if  further  deposit  should  cease. 
would  give  rise  to  a  depression  of  two  or  three  square  miles.  Such  buried  blocks  may  last 
long,  and  receive  a  heavy  burden  of  deposit,  and  their  ultimate  melting  would  give  rise 
to  an  irregular  topography,  varying  according  to  conditions,  and  depressions  for  lakes 
or  ponds,  with  irregular  bottoms  and  margins.  In  regions  of  former  gladation  a  multi- 
tude of  kettles  and  pond  and  lake  depressions  exist  whose  interpretation  is  made  dear 
by  the  assumption  of  the  former  presence  of  buried  ice  blocks.  In  our  own  work  in  such 
formerly-glaciated  regions  we  have  hitherto  often  hesitated  to  assume  this  hypothetical 
cause  in  the  absence  of  direct  proof;  but  ^ith  the  evidence  of  the  frequency  and  effective- 
ness of  the  buried  ice  blocks  in  the  Alaskan  region  there  is  little  reason  for  such  hesitation. 
Wc  arc  convinced  that  on  the  margin  of  waning  ice  sheets  in  a  region  of  irregular  topog- 
raphy, such  as  prevailed  over  extensive  areas  in  Europe  and  America  in  the  closing  stages 
of  the  Glacial  Period,  the  conditions  favoring  the  burial  of  detached  or  partially  detached 
ice  blocks,  and  of  stagnant  glacier  termini,  were  common,  and  that  the  results  of  thdr 
subsequent  melting  are  of  great  importance  in  determination  of  topographic  detail. 

Summary  of  the  Glacial  History  of  the  Yakutat  Bay  Region 

llie  mountain  histoiy  of  the  Alaskan  coast  region  has  been  long  and  complex*  with 
several  periods  of  mountain  growth  and  inter\'^als  of  erosion,  and  with  periods  of  volcank 
activity.  The  details  of  this  history  are  not  yet  worked  out,  and  we  have  no  knowledge 
as  to  the  climatic  conditions.  During  the  Tertiaiy,  and  perhaps  in  the  Pliocene  divisicm 
of  the  Tertiaiy,  coal  beds  were  accumulated,  and  associated  with  them  are  found  plants 
of  a  warmer  or  wetter  climate.  From  the  topography  of  the  foothills  near  the  coast 
we  infer  that  there  was  a  long  period  of  subaerial  erosion,  during  which  the  mountains 
were  greatly  reduced  and  a  system  of  broad  valleys  developed.  This  period  of  erosioii, 
at  least  in  its  later  portion,  was  presumably  free  from  extensive  glaciation.  The  moun- 
tains are  still  rising,  as  the  frequent  earthquakes  testify,  and  in  1899  there  was  further 
notable  uplift,  in  one  section  of  the  coast  amounting  to  forty-seven  feet.  It  is  probable 
that  the  mountains  owe  their  present  great  height  mainly  to  geologically-recent  uplift 
and  that  the  extensive  glaciation  of  the  region  is  due  to  the  rising  of  the  mountains  in 
rec^ent  times.  Wliether  the  extension  of  glaciation  accompanied  the  uplift  as  Russdl 
inferred,  or  whether  it  was  preceded  by  a  period  of  stream  erosion  in  lofty  mountains 
not  yet  glaciated  is  not  clear;  but  we  are  inclined  to  the  latter  view  because  of  the  exten- 
sive series  of  branching  valleys,  presumably  formed  originally  by  rivers  and  now  occupied 
by  glaciers.  All  this  early  history  is  obscure  and  at  present  can  be  the  subject  only  of 
hypothesis. 

Without  being  able  to  assign  a  period  to  the  beginning  of  glaciation,  we  know  that  the 
mountains  ultimately  became  clothed  in  snowfields  and  the  valleys  filled  with  glaciers» 
and  that  the  condition  has  lasted  a  very  long  time.  Whether  the  glaciers  came  solely 
as  a  result  of  the  rising  of  the  mountains,  or  whether  they  were  dependent  upon  a  cli- 
matic change,  giving  heavy  snowfall  to  a  region  already  lofty,  cannot  be  positively  stated. 
Nor  do  we  know  the  history  of  the  initial  spread  of  the  glaciers,  of  what  episodes  of  advance 
and  recession,  if  an^%  accompanied  it.  Ultimately,  however,  the  expansion  of  the  gla- 
ciers extended  so  far  as  to  push  the  glacier  termini  beyond  the  mountain  front,  filling  the 
entire  inlet  with  a  gieat  glacier  flood,  and  pushing  the  glacier  fronts  out  to  the  mouth  of 
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Yakutat  Bay.  That  this  great  expansion  of  the  glaciers  was  due  to  some  climatic 
change  rather  than  solely  to  mountain  uplift  is  indicated  by  the  three  following 
facts  (1)  the  earlier  genial  climate»  (i)  the  recent  and  present  day  recession  (both  1  and  £ 
indicating  that  the  climate  of  this  region  has  changed),  and  (S)  the  widespread  extension 
of  glaciers  on  the  northwestern  coast  from  Washington  to  the  Aleutian  Islands.  While 
we  cannot  assert  contemporaneity  for  the  advance  of  glaciation  throughout  this  region* 
the  evidence  points  strongly  toward  the  conclusion  that  the  expanded  stage  of  glaciation 
was  contemporaneous  throughout  the  region.  It  seems  hardly  probable  that  mountain 
uplift  throughout  a  distance  of  some  2000  miles  would  alone  suffice  to  give  rise  to  such 
extensive  glaciation,  and  since  there  has  subsequently  come  an  amelioration  of  the  cli- 
mate, while  at  a  still  earlier  age  there  was  an  even  milder  climate  than  now,  it  is  a  rea- 
sonable inference  to  draw  that  the  great  expansion  of  glaciers  was  in  response  to  actual 
climatic  change. 

It  cannot  be  proved  that  the  extensive  Alaskan  glaciation  was  contemporaneous  with 
that  of  the  Glacial  Period  in  Europe  and  northeastern  America,  though  it  probably  was 
is  its  inception.  If  this  is  so,  then  climatic  change  is  without  doubt  the  cause,  for  what- 
ever the  reason  for  the  change,  the  spread  of  continental  glaciers  down  into  the  temperate 
latitudes  was  a  response  to  climatic  change.  Although  we  believe  that  the  inception  of 
the  Alaskan  glacier  advance  was  contemporaneous  with  the  spread  of  the  continental 
glaciers  in  Europe  and  America,  we  are  convinced  that  its  termination  was  later  than  the 
period  of  recession  of  the  continental  glaciers.  In  a  sense  the  Glacial  Period  is  still  in 
progress  here,  its  influence  being  extended  and  prolonged  by  the  lofty  mountains,  which 
have,  in  fact,  partly  or  mainly  reared  themselves  during  the  period  of  glaciation.  Judg- 
ing by  the  forest  growth  and  by  the  .extent  of  stream  erosion  since  the  recession  of  the 
ice  from  its  most  advanced  position,  we  infer  that  the  ice  in  its  expanded  stage  lingered 
here  until  a  few  centuries  ago. 

One  of  our  principal  reasons  for  believing  that  the  spread  of  glaciation  in  the  Alaskan 
region  dates  back  to  the  Glacial  Period  is  that  it  has  performed  such  vast  work.  Not 
only  was  a  broad  plain  of  glacial  deposit  built  out  into  the  Pacific  beyond  the  mountain 
front,  and  an  extensive  submarine  moraine  built  across  the  mouth  of  Yakutat  Bay, 
but  the  topography  was  greatly  altered  by  profound  glacial  erosion.  This  work  must 
have  required  a  long  time.  We  cannot  apply  to  this  argument  definite  measurements 
from  rate  of  ice  erosion,  but  even  the  most  extreme  believer  in  the  efficacy  of  ice  ero- 
sion must  agree  that  to  lower  a  valley  bottom  from  one  to  two  thousand  feet  demands 
a  great  lapse  of  time.  The  main  valleys  have  been  greatly  deepened;  the  lateral  valleys 
have  been  deepened  also,  though  to  less  extent;  divides  have  been  lowered  and  through 
valleys  have  been  opened;  the  moimtains  have  been  sharpened;  and,  in  fact,  the  topog- 
raphy has  been  completely  altered  in  many  of  its  most  significant  features  by  the 
glacial  erosion  resulting  from  the  long  flow  of  great  ice  streams.  Thousands  of  years 
must  be  required  for  such  vast  work,  and  probably  tens  of  thousands  of  years.  It  b 
by  no  means  improbable  that  the  beginning  of  extensive  glaciation  here  dates  back  to 
the  commencement  of  the  Glacial  Period,  and  that  there  was  a  long  period  of  complex 
conditions  of  advance  and  recession  with  glacial  and  interglacial  epochs.  Of  this,  how- 
ever, there  is  no  proof.  The  period  of  glaciation  was  certainly  many  times  longer  than 
the  period  that  has  elapsed  since  the  recession  from  the  outermost  stand. 

When  the  glaciers  were  most  advanced  they  literally  flooded  the  mountain  valleys. 
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and  ice  streams  flowed  across  divides  now  discharging  glaciers  in  two  directions.  Where 
fiord  water  now  stands  great  glaciers  2000  or  3000  feet  deep  flowed  through  the  fiord 
valleys  (PL  XCII,  A) ;  and  where  even  the  great  glaciers,  like  the  Hubbard,  now  iemii- 
nate,  the  ice  rose  1000  to  2000  feet  higher  than  at  present.  Even  such  great  ice  streams 
as  the  Hubbard,  Turner  and  Nunatak  Glaciers  are  mere  dwindling  glaciers  compared  to 
their  predecessors  on  the  same  sites.  It  was  a  region  of  mighty  glaciers,  fiowing  irresist- 
ibly along  mountain  valley  courses,  eating  away  the  valley  walls  and  scouring  the  valley 
bottoms;  and  this  condition  extended  along  the  Alaskan  coast  from  British  Columbia 
to  the  Alaska  Peninsula. 

After  its  long,  but  unknown  period  of  advance,  the  glacier  system  began  a  period  of 
recession  whose  detailed  history  is  also  unknown.  There  may  have  been  minor  advances 
and  recessions,  or  it  may  have  been  one  continuous  period  of  recession.  By  it  the  glacier 
fronts  were  caused  to  recede  even  farther  than  at  present,  and  the  forest  extended  farther 
up  the  fiord  than  now,  and  even  into  the  region  where  glaciers  now  stand.  From  this 
we  infer  that  both  the  length  of  time  of  recession  and  the  extent  of  recession  were  greater 
than  the  present  period  of  recession.  But  by  this  it  is  not  meant  to  intimate  that  the 
period  of  recession  was  a  really  long  one,  for  little  gorge  erosion  has  been  acoomplislied 
by  the  streams  issuing  from  hanging  valleys  that  were  produced  by  the  ice  erosion  of  the 
preceding  great  advance.  A  couple  of  centuries,  or  perhaps  twice  that  amount,  would 
suffice  to  explain  the  phenomena  observed,  and  much  more  than  that  would  be  too  great 
a  tim<'  for  the  small  work  of  stream  erosion  accomplished.  Whether  a  similar  period  of 
recession  was  in  progress  in  other  portions  of  Alaska,  or  whether  it  was  confined  to  the 
Yakutat  Bay  region  and  vicinity  cannot  now  be  stated. 

During  this  period  of  recession,  and  perhaps  mainly  during  the  advance  of  the  glaciers 
which  terminated  it,  there  was  extensive  deposition  of  gravels  in  Yakutat  Bay,  and  espe- 
cially in  Russell  Fiord.  Then  came  a  notable  advance,  pushing  the  glacier  fronts  once 
more  far  into  Russell  Fiord  (PI.  XCII,  B)  and  Disenchantment  Bay,  but  not  neai]y 
out  to  the  point  reached  by  the  earlier  great  advance.  It  was  of  brief  duration,  and  the 
work  performed  was  not  notable.  The  valley  walls  were  freshly  scoured,  and  probably 
there  was  effective  glacial  erosion  in  parts  of  the  fiord  bottoms;  but  the  ice  erosion  did 
not  suffice  to  remove  the  gravels  deposited  between  the  two  advances,  though  it  greatly 
sculptured  them.  This  advance  was  a  local  phenomenon,  not  occurring  in  Prince 
William  Sound  to  the  northwest,  nor  in  the  Inside  Passage,  though  a  similar,  and  probably 
contemporaneous  advance  is  recorded  in  the  Muir  Glacier  region  and  north  of  the  St 
Elias  Range.  The  advance  in  the  Yakutat  Bay  region  reached  its  maximum  in  a  very 
recent  period,  for  the  vegetation  growing  on  a  lake  beach  formed  by  the  advanced  glacier 
at  the  head  of  Russell  Fiord  is  not  over  a  half  century  old. 

Following  this  notable,  though  brief  advance  came  the  recession  which  was  still  in 
progress  at  the  time  of  our  studies  in  1905  and  1906.  The  recession  was  so  rapid  that 
vegetation  had  not  been  able  to  follow  it  closely,  the  overridden  gravels  near  the  ^aders 
having  only  scattered  plants,  while  even  the  outermost  portions  of  the  overridden  gravels 
bore  only  a  young  growth  of  cottonwood  and  alders.  It  is  certain  that  the  glaciers  began 
recession  from  their  outermost  stand  not  over  a  century  ago  and  perhaps  not  much 
more  than  half  a  century  ago.  The  greatest  recession  has  occurred  in  the  tidal  j^bciers, 
notably  the  Nunatak,  and  in  the  Hidden  Glacier.  The  least  recession  has  occurred  in 
the  piedmont  glaciers  and  piedmont  bulbs.    In  fact,  it  is  possible  that  the  piedmont  con- 
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dition  is  a  direct  result  of  the  recent  advance,  lingering  here  because  of  the  protection 
given  by  the  sheets  of  ablation  moraine  by  which  the  piedmont  bulbs  are  covered. 

The  last  episode  in  the  glacial  history  of  the  region  is  the  advance  of  the  glaciers  in 
response  to  the  earthquake  shaking  in  1899,  first  observed  in  1905,  though  afiPecting  at 
least  two  of  the  glaciers  before  that  time,  causing  the  advance  of  four  glaciers  in  1906,  one 
between  1906  and  1909,  one  in  1909  and  one  in  1910,  and  possibly  slight  advances  of 
two  others  in  previous  years.  Whether  the  advance  has  reached  its  maximum,  or  whether 
there  are  other  and  still  greater  changes  in  store,  only  the  future  can  tell. 


CHAPTER  XII 

THE  GLACIERS  AND  GLACIATION  OP  FRINGE  WILLIAM 
SOUND  AND  THE  LOWER  COPPER  RIVER 

Location  and  Genkbal  Vudw 

The  region  of  Prince  William  Sound  and  the  lower  Copper  River  is  a  littie  more  than 
too  miles  west  of  Yakutat  Bay  and  chiefly  on  the  southern  slope  of  the  Chugach  Moun- 
tains, an  extension  of  the  St.  Elias  Range.  This  part  of  the  Chugach  Mountains  is 
from  50  to  75  miles  \iide  and  between  six  and  eight  thousand  feet  high,  with  a  few  lof- 
tier peaks,  the  highest  of  which,  Florence  Peak  and  Mt.  Gilbert,  reach  elevations  of 
11,190  and  10,194  feet  respectively.  There  is  the  same  west  northwest — east  southeast 
trend  as  near  Yakutat  Bay  and  Mt.  St.  Elias,  but,  at  the  northwestern  comer  of  Prince 
William  Sound,  the  Chugach  Mountains  swing  westward  and  come  to  an  end.  Tlience 
the  Kenai  Mountains  trend  southward,  forming  the  western  side  of  Prince  William 
Sound. 

The  Chugach  Mountains  are  crossed  by  the  canyon  of  Copper  River,  the  greatest 
glacial  stream  in  Alaska  and  one  of  the  few  rivers  that  completely  cross  the  coast  range. 
At  its  mouth  it  has  built  a  great  delta  over  25  miles  wide,  a  broad  tract  of  low-lying 
coast,  but  vrest  of  the  Copper  River  delta  the  mountains  come  down  directly  to  the  sea, 
and  just  here  Prince  William  Sound  penetrates  the  coast. 

Prince  William  Sound  (PL  XCIII)  extends  about  80  miles  east  and  west  and  about  50 
miles  north  and  south,  and  has  numerous  long  bays  and  fiords  extending  even  more 
deeply  into  the  mountains.  It  is  80  or  90  miles  from  the  head  of  ocean  steamship  navi* 
gation  at  the  end  of  the  Port  Valdez  fiord  out  to  the  coast  where  Hinchinbrook  and 
Montague  Islands  guard  the  mouth  of  Prince  William  Sound  from  the  open  Pacific.  It 
has  a  veiy  irregular  coast  with  long  peninsulas  reaching  forward,  between  which  bays 
and  fiords  extend  back  into  the  mountains.  On  the  eastern  side  are  Orca  Inlet,  Orca 
Bay,  Port  Gravina,  Port  Fidalgo,  and  Valdez  Arm — Port  Valdez.  These  are  fiords 
from  12  to  30  miles  long  with  mountainous  peninsulas  between.  Hawkins  and  Hinchin- 
brook Islands  correspond  to  these  peninsulas  but  have  been  cut  off  by  submeigenoe 
or  ice  erosion.    Besides  these  there  are  numerous  small  islands. 

On  the  northern  side  of  Prince  William  Sound  are  Columbia  Bay,  Long  Bay,  Wells 
Bay,  Unakwik  Inlet,  Passage  Canal,  Port  Wells  and  several  smaller  fiords.  College 
Fiord  and  Harriman  Fiord  are  tributaries  of  Port  Wells.  All  these  fiords  are  separated 
by  long  peninsulas  and  by  blands,  of  which  Glacier  and  Esther  Islands  are  the  largest. 

On  the  western  side  of  Prince  WUliam  Sound  south  of  Passage  Canal  are  Port  Nellie 
Juan  and  Icy  Bay,  separated  by  peninsulas  and  guarded  by  Knight,  Latouche,  Naked, 
and  several  other  large  islands  and  many  smaller  ones. 

The  lower  Copper  River  is  entirely  in  the  mountains  except  for  the  broad  delta  at 
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its  mouth.  The  topography  of  Prince  William  Sound  is  wholly  moimtainous.  The 
greatest  elevations  are  in  the  interior  of  the  Chugach  and  Kenai  Banges  and  the  penin- 
sulas which  project  into  the  sound  slope  gradually  to  moderate  heights  and  then  end 
abruptly.  There  is  an  exceedingly  small  percentage  of  lowland.  All  of  the  islands  are 
hilly,  and  the  larger  ones»  like  Knight  and  Latouche  Islands,  are  mountainous. 

The  topography,  geology,  geography,  and  glaciation  of  Prince  William  Sound  and 
the  lower  Copper  River  have  been  described  by  Schrader,^  Mendenhall,'  Schrader  and 
Spencer,'  Gilbert,*  Emerson  and  Palache,'  Gannett,*  Burroughs,^  Muir,*  Keeler,* 
Femow,^^  Davidson,^^  Grant  and  Higgins,^  and  others  whose  work  is  referred  to  in 
Chapters  XIU  to  XXHI. 

The  geology  of  the  Prince  William  Sound  and  lower  Copper  River  regions  may  be 
summarized  as  follows.  In  Prince  William  Sound  Grant  ^'  states  that  there  are  two 
groups  of  rocks.  The  Valdez  group  is  older,  perhaps  Paleozoic,  and  consists  of  slates 
and  graywackes.  These  are  intensely  folded  in  places  and  are  somewhat  metamorphosed. 
They  contain  granitic  intrusions.  The  unconformable  Orca  group,  probably  Mesozoic» 
is  made  up  of  slates,  graywackes,  and  rarer  conglomerates  and  limestones.  Locally 
there  is  much  greenstone,  made  by  the  alteration  of  basic  lava  flows  which  were  inter- 
stratified  with  the  slates  and  graywackes.  These  are  cut  by  bosses  and  dikes  of  granite 
and  by  basic  dikes.  Northern  and  western  Prince  William  Sound,  including  all  of  the 
fiords  except  Ports  Fidalgo  and  Gravina  and  Orca  Inlet,  are  underlain  by  the  rocks 
of  the  Valdez  group  while  the  islands  and  eastern  shore  of  the  sound,  from  EUamar 
southward,  are  made  up  of  the  Orca  group.  It  seems  possible  that  the  excavation  of 
this  great  arm  of  the  sea  is  related  to  its  being  fioored  by  the  relatively  less  resistant 
rocks  of  the  Orca  group. 

In  the  lower  Copper  River,  Hayes,^*  Schrader  and  Spencer,^*  Moffit  and  Maddren^* 
have  described  the  geology.    There  are  three  rock  groups,  (1)  the  Mesozoic  Orca  group 

>  Schrader*  F.  C,  A  Reconnausanoe  of  a  Part  of  Prince  William  Sound  and  the  Copper  River  District* 
Alaska,  in  1898,  20th  Ann.  Rept.,  U.  S.  Geol.  Survey,  Part  VII.  1900,  pp.  847-428. 

s  Mendenhall,  W.  C,  A  Reconnaiasanoe  from  Resurrection  Bay  to  the  Tanana  River,  Alaska,  in  1898,  20th 
Ann.  Rept.,  U.  S.  Geol.  Survey,  Part  VII,  1900,  pp.  271-840. 

•  Schrader,  F.  C.  and  Spencer,  A.  C,  The  Geology  and  Mineral  Resources  of  a  Portion  of  the  Copper 
River  District,  Alaska,  House  Doc.  546,  56th  Congress,  2nd  Session,  Washington,  1900,  pp.  9-92. 

« Gilbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  m.  Glaciers,  1904,  pp.  71-97,  178-176. 

•  Emerson,  B.  K.  and  Palache,  Charies,  Harriman  Alaska  Expedition,  Vol.  II,  Geology,  1904,  pp.  24-26, 
50-51. 
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■  Muir,  John.  Ibid.,  Vol.  I,  1901,  pp.  125-127,  182-188. 
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11  Davidson,  George,  The  Glaciers  of  Alaska  that  are  Shown  on  Russian  Charts  or  Mentioned  in  Older  Nai^ 
ratives.  Trans,  and  Proc.  Geog.  Soc.,  Pacific,  2nd  series.  Vol.  8, 1904. 

»  Grant,  U.  S.  and  Higgins,  D.  P.,  Reconnaissance  of  the  Geology  and  Mineral  Resources  of  Prince 
William  Sound,  Alaska,  Bull.  448,  U.  S.  Geol.  Survey,  1910;  Tidewater  Glaciers  of  Prince  William  Sound 
and  Kenai  Peninsula,  Bull.  U.  S.  Geol.  Survey  (in  press). 

"Op.  cit.  p.  11. 
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south  of  Childs  Glacier,^  (£)  the  Paleozoic  Valdez  group  throughout  the  Copper  River 
canyon  to  a  point  between  Tiekel  River  and  Spirit  Mountain,  and  (3)  a  belt  of  meta- 
morphic  slate,  schist,  and  limestone,  with  intrusive  diorite  and  greenstone,  the  limestone 
being  in  part  of  Carboniferous  age.'  The  highest  peaks  and  the  deepest,  narrowest 
portion  of  Copper  River  canyon  are  at  the  north  in  this  third  belt  of  most  resistant 
rocks,  and  the  broadest  portion  is  at  the  south  in  the  belt  of  weakest  and  youngest  rocks. 

Outside  of  Prince  William  Sound  the  Gulf  of  Alaska  is  relatively  shallow,  the  hundred 
fathom  curve  being  forty  to  seventy  miles  offshore.  Off  the  Copper  River  delta  it  is 
easy  to  understand  why  one  must  go  about  20  miles  from  shore  before  a  depth  of  S50 
to  400  feet  is  reached;  but  off  Hinchinbrook  Island,  where  there  is  no  such  active  depo- 
sition, it  is  also  necessary  to  go  5  to  10  miles  before  a  depth  of  SOO  to  350  feet  is  reached. 
Between  the  mouth  of  Prince  William  Sound  and  Middleton  Island,  which  is  66  miles 
offshore,  the  depth  of  the  Pacific  Ocean  averages  only  200  to  450  feet. 

In  the  straits  at  the  entrance  to  Prince  William  Sound,  that  b  between 


and  Montague  Islands,  the  water  is  000  to  1300  feet  deep  and  inside  Prince  William 
Sound  the  water  averages  000  to  2400  feet  in  the  main  sound  and  400  to  1400  feet  in 
the  tributary  fiords,  a  striking  contrast  with  the  shallower  ocean  outside  and  one  that 
will  be  explained  later  by  the  conditions  of  glaciation.  One  fiord,  Qrca  Inlet,  which 
opens  to  the  Pacific,  is  only  6  to  60  feet  deep  and  is  quite  unnavigable  at  the  mouth* 
making  it  necessary  for  ocean  steamships  bound  for  the  town  of  Cordova  to  go  over 
fifty  miles  out  of  the  way  to  reach  the  head  of  Orca  Inlet  by  way  of  the  main  Prince 
William  Sound  and  Orca  Bay. 

There  are  a  few  small  native  settlements  on  Prince  William  Sound  and  mining  settle- 
ments on  Latouche  and  Knight  Islands  and  an  old  Russian  trading  post,  Nuchekv  <m 
Hinchinbrook  Island.  At  the  head  of  Port  Valdec,  near  Shoup  and  Valdes  Glaciers, 
are  an  army  post.  Fort  Liscum,  and  the  town  of  Valdez,  from  which  a  military  road  ex- 
tends into  the  interior  of  Alaska.  Between  the  mouths  of  Valdez  Arm  and  Port  Fidalgo 
are  Ellamar  and  several  other  mining  settlements.  There  is  a  salmon  cannery  at  Qrca 
and  nearby  on  Orca  Inlet  is  the  town  of  Cordova.  The  Copper  River  and  Noithwestem 
Railway  extends  eastward  from  Cordova,  crosses  a  mountainous  peninsula  throu^  the 
valley  of  Eyak  Lake,  and  emerges  on  the  Copper  River  delta,  which  coalesces  with  the 
deltas  of  the  streams  from  Scott,  Sheridan,  and  smaller  glaciers  in  the  mountains.  The 
railway  crosses  Copper  River  just  east  of  the  old  native  settlement  of  Alaganik  and  goes 
up  the  eastern  side  of  Copper  River  to  Childs  Glacier,  which  enters  from  the  west  neariy 
opposite  Miles  Glacier,  which  comes  from  the  east.  The  railway  crosses  the  river  be- 
tween these  two  glaciers  and  thence,  after  passing  the  Abercrombie  Rapids,  extends 
over  the  stagnant  terminus  of  Allen  Glacier,  which  enters  Copper  River  vall^  from 
the  west.  Beyond  this  the  railway  follows  the  western  side  of  the  Copper  River  canyon, 
at  the  northern  end  of  which  is  the  town  of  Chitina. 

Climate  and  Glaciation,  Such  precipitation  records  as  we  have  in  the  Prince  T^HUliam 
Sound  region  show  an  annual  rainfall  of  190  inches  at  Nuchek  at  the  western  end  of 
Hinchinbrook  Island;  at  Orca  of  149  inches;  and  at  Fort  Liscum  an  average  of  78 
inches.  The  precipitation  is  heaviest  in  fall  and  winter  and,  therefore,  much  of  it  is 
snow.    In  this  latitude,  60°  30'  to  61°  N.,  the  warm  waters  of  the  Gulf  of  Alaska  amdio- 

1  Bitrnki,  A.  H.,  Bun.  480,  U.  S.  Geol.  Surv^,  1911»  Fl.  HI  and  pp.  48-A9. 
■  Moffit,  F.  H.,  BtiU.  SaO,  U.  S.  Geol.  Survey,  1018,  Fl.  V  and  p.  M. 
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rate  the  climate,  but  they  also  supply  moisture  to  the  winds  which  blow  upon  the  Chu- 
gach  Mountains,  giving  rise  to  extensive  precipitation  there  also,  though  of  unknown 
amount,  with  a  large  proportion  in  the  form  of  snow.  The  snow  line  is  at  about  8000 
feet.  There  are,  therefore,  great  snowfields  covering  all  the  upland  areas  where  the 
slopes  are  not  too  steep.  These  snowfields  feed  glaciers  which  extend  down  the  valleys 
to  or  near  sea  level.  Most  of  the  passes  are  filled  with  ice,  but  the  glaciers  are  now  far 
less  extensive  than  formerly,  as  will  be  shown  later,  and  indeed  much  less  extensive  than 
farther  east  where  the  snowfields  of  the  loftier,  eastern  portion  of  the  Chugach  Moun- 
tains feed  the  piedmont  Bering  Glacier*  and  the  snowfields  of  the  still  loftier  St.  Elias 
Range  support  the  Malaspina  Glacier  and  the  glaciers  of  the  Yakutat  Bay  region. 
The  glaciers  of  the  region  to  be  discussed  include  various  types  from  the  smallest  ice 
patches  to  great  valley  glaciers  like  the  Miles  and  Columbia.  Some  of  these  are  tidal, 
some  end  in  the  rivers,  and  some  far  up  the  mountain  valleys. 

Topography  also  controls  the  glacier  forms  in  the  Copper  River  valley  where  there 
jure  many  excellent  illustrations  of  the  bulb  type  of  glacier.  Of  these  the  Miles,  Childs, 
Allen,  Heney,  and  Sheridan  are  large  and  will  receive  more  attention  than  the  many 
other  good-sized  ice  tongues. 

In  contrast  with  Yakutat  Bay,  which  has  only  three  glaciers  discharging  icebergs* 
there  are  £1  tidal  glaciers  in  Prince  William  Sound.  Their  distribution  is  determined 
wholly  by  the  topography  and  climate,  for  the  largest  glacier,  the  Columbia,  is  near 
the  base  of  Florence  Peak  where  the  highest  portion  of  the  Chugach  Mountains  is  close 
to  sea  level.  Of  the  other  tidal  glaciers  the  largest  number  in  a  single  arm  of  the  sea 
is  found  in  College  Fiord  where  the  Harvard,  Yale,  Smith,  Bryn  Mawr,  Vassar,  and 
Wellesley  Glaciers  reach  tidewater.  There  are  nearly  as  many  in  the  loftier  portion  of 
the  mountains  near  Mts.  Gilbert,  Gannett,  and  Muir,  where  the  Barry,  Harriman, 
Cataract,  Surprise,  and  Serpentine  Glaciers  enter  Harriman  Fiord.  Unakwik  Inlet  and 
Port  Valdez  in  northern  Prince  William  Sound  have  only  one  tidal  glacier  each,  the 
Meares  and  Shoup,  because  the  mountains  are  lower  and  the  snowfall  less.  South  of 
Port  Valdez  the  eastern  portion  of  Prince  William  Sound  has  no  tidal  glacier  because 
the  mountains  are  lower.  South  of  Harriman  Fiord  the  western  portion  of  the  sound 
has  tidal  glaciers  only  in  a  branch  of  Passage  Canal,  where  the  Blackstone  and  Ripon 
Glaciers  extend  into  the  water,  in  Port  Nellie  Juan,  where  the  Ultramarine  and  Nellie 
Juan  Glaciers  reach  the  sea,  and  in  Icy  Bay,  where  the  Chenega,  Tiger's  Tail,  and  Tiger 
Glaciers  discharge  icebergs.  This  is  because  the  Kenai  Mountains  are  lower  toward  the 
south. 

Extent  of  Glacier  Studies,  The  glacier  observations  in  this  region  have  resulted  from 
various  enterprises.  The  Russians  who,  like  the  Alaskan  natives,  attempted  to  ascend 
Copper  River  found  the  glaciers  only  a  barrier,  and,  therefore,  were  not  interested  in 
them  and  have  given  us  only  a  little  information  concerning  the  condition  of  these 
glaciers  in  early  times.  This,  though  natural,  is  unfortunate,  but  one  cannot  help  re- 
gretting the  absence  of  glacier  observations  in  the  time  of  the  partial  ascents  of  Copper 
River  by  Nagaief  in  1783  and  by  other  Russian  explorers  and  traders  in  the  Copper 
River  and  Prince  William  Sound  regions.  An  account  by  Grewingk  is  the  most  valu- 
able of  the  Russian  descriptions  of  the  Copper  River  glaciers.  Some  useful  facts  con- 
cerning Prince  William  Sound  are  supplied  by  Petroff .  In  this  early  period  the  charting 
of  shorelines  by  explorers  like  Portlock  in  1787,  Fidalgo  in  1790,  and  Vancouver,  Whid- 
bey  and  Johnstone  in  1794,  resulted  in  more  definite  information  about  the  gladers. 
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but  only  of  the  tidewater  ice  tongues.    The  same  is  true  of  the  explorations  of  Apple- 
gate  in  1887.    Davidson  has  summarised  many  of  these  early  explorations. 

The  explorations  by  United  States  army  oflSccrs  have  supplied  a  little  more  information 
about  the  glaciers,  because  these  parties  were  engaged  in  making  maps.  Therefore  the 
expeditions  by  Abercrombie  in  1884,  by  Allen  in  1885,  by  Schwatka  accompanied  by 
the  geologist  Hayes  in  1891,  by  Glenn,  assbted  by  Castner,  in  1898,  by  Abercrombie 
in  1898  and  1899  have  furnished  maps,  locations,  photographs,  etc.,  of  the  Miles,  Childs, 
Valdez,  Yale,  Portage,  and  other  glaciers. 

The  utilization  of  the  Valdez  Glacier  as  a  highway  by  thousands  of  prospectors  in 
1898,  1899,  and  1900  added  little  to  our  knowledge  of  this  glacier,  although  nuwy  men 
must  have  taken  photographs  and  made  observations  which  are  not  now  available. 

Then  and  in  the  years  since,  geologists  like  Hayes,  Schrader,  Rohn,  Mendenhall, 
Spencer,  Moffit,  and  others  were  visiting  these  regions,  accompanied  by  army  officers 
like  Lowe  and  Babcock  and  the  topographers  Mahlo,  Witherspoon,  Gerdine,  and  others; 
and  tlie  maps,  photographs,  and  obser\'ations  by  these  men  have  been  of  great  ser\ice 
in  our  glacier  studies. 

In  1899  the  Harrinian  Expedition  came  to  the  Prince  William  Sound  region  to  study 
the  glac*iers  specifically  and  Gilbert's  three  days  study  and  mapping  of  Columbia  Glacier 
are  of  the  utmost  importance.  He  also  made  observations  in  College  Fiord  and  Hani- 
man  Fiord,  where  Gannett  made  excellent  maps  and  Merriam  and  others  took  glacier 
photographs  of  great  value. 

Two  observers  living  within  this  area  have  studied  the  glaciers  out  of  interest  in 
their  behavior,  and  Camicia  of  Valdez  deserves  great  praise  for  his  measurements  of 
the  retreat  of  Valdez  Glacier  between  1898  and  1911,  as  does  Johnson  of  the  Copper 
River  railway  for  his  studies  of  Childs  and  Miles  Glaciers  in  1908  and  succeeding 
years. 

The  same  is  true  of  the  studies  of  the  Prince  William  Sound  glaciers  during  parts 
of  the  summers  of  1905,  1908,  1909,  and  1910  by  Grant,  in  connection  with  his  U.  S. 
Geological  Survey  work.  During  part  of  the  time  he  was  assisted  by  Higgins,  some  of 
whose  glacier  maps  are  reproduced  in  this  volume.  Grant  and  Higgins  have  written  an 
account  of  the  glaciers  and  glaciation  of  Prince  William  Sound.  This  had  not  been 
published  at  the  time  of  completing  this  manuscript,  although  after  doing  our  own 
field  work  in  1904,  1909,  1910,  and  1911  we  have  seen  the  magazine  articles  containing 
abstracts  of  portions  of  their  work.  Grant  generously  allowed  us  to  use  his  manuscript 
maps  and  unpublished  photographs  in  the  field,  rendering  our  own  field  work  much 
more  effective. 

The  account  here  presented  is  based  upon  the  earlier  work,  especially  that  published 
by  Gilbert  and  the  Harriman  Expedition,  by  Grant  and  Higgins,  and  by  Davidson, 
in  addition  to  our  own  field  work.  This  field  work  included  (1)  brief  observations  of 
Valdez  Glacier  by  the  junior  author  in  June  and  September,  1904,  (2)  a  few  days*  study 
by  both  authors  of  this  book  in  August,  1909,  (3)  a  little  over  two  months  detailed  study 
and  mapping  by  the  junior  author  between  June  and  September,  1910,  and  (4)  a  few 
days'  observations  in  June,  1911. 

Fifty-three  of  the  glaciers  of  Prince  William  Sound  will  be  discussed  first,  after  which 
attention  will  be  given  to  seventeen  of  the  glaciers  of  the  lower  Copper  River  and  to 
the  phenomena  of  general  glaciation  in  connection  with  these  seventy  larger  ioe  tongues 
and  certain  smaller  ones. 


CHAPTER  Xni 

THE  VALDEZ  AND  SHOUP  GLACIERS 

Location  and  General  Relationships 

Location.  The  glaciers  discussed  in  this  chapter  are  situated  in  northeastern  Prince 
William  Sound,  upon  the  long  narrow  fiord  called  Port  Valdez  (PI.  XCIII),  alreadj 
alluded  to  as  the  northernmost  of  the  fiords  on  the  east  side  of  Prince  William  Sound, 
where  it  penetrates  most  deeply  into  the  Chugach  Mountains. 

The  Port  Valdez  Fiord.  The  Port  Valdez  fiord  extends  northward  from  the  north- 
east comer  of  Prince  William  Sound,  between  Glacier  Island  and  Bligh  Island  just  north- 
west of  EUamar,  where  it  has  a  width  of  ten  miles  and  a  depth  of  600  to  1300  feet.  This 
lower  portion  of  the  fiord  has  Galena,  Jack,  and  Sawmill  Bays  as  tributaries,  and  nar- 
rows rapidly  toward  the  northeast,  until  it  attains  a  width  of  less  than  seven-eighths 
of  a  mile  at  Valdez  (or  Stanton)  Narrows,  where  the  depth  is  less  than  500  feet  and 
where  a  reef  (Middle  Rock)  rises  to  the  surface  with  surrounding  depths  of  180  to  300  feet. 
Here  the  fiord  turns  abruptly  eastward,  receiving  Shoup  Bay  on  the  north  side,  widen- 
ing to  between  three  and  four  miles,  and  increasing  in  depth  to  600  and  in  places  over 
800  feet.  The  southwest  portion,  outside  the  Narrows,  is  twenty  miles  long,  the  eastern 
part  eleven  or  twelve  miles.  The  shores  have  many  minor  capes,  coves  and  small  inlets 
and  are  mostly  rocky. 

At  the  eastern  or  extreme  upper  end  Port  Valdez  shallows  and  there  is  a  fringe  of 
broad  tide  flats  where  Lowe  River  comes  in  from  the  east  and  Robe  River  and  a  number 
of  other  glacial  streams  from  Corbin  and  Valdez  Glaciers  on  the  northeast.  The  nar- 
rower, unsubmerged  valley  of  Lowe  River  extends  the  fiord  valley  eastward  for  twelve 
miles  to  the  mouth  of  Keystone  Canyon,  beyond  which  the  river  heads  against  the 
Copper  River  headwaters  on  Thompson  and  Marshall  passes.  Other  streams  entering 
Port  Valdez,  beside  those  from  the  Valdez  and  Shoup  Glacier  valleys,  are  Mineral 
Creek,  Fall  or  Gold  Creek,  and  Canyon  Creek,  on  the  north,  and  Solomon  Gulch  and 
other  unnamed  creeks  on  the  south.  Several  of  these  streams  are  in  hanging  valleys 
(h.  Kg.  26). 

The  mountains  enclosing  the  fiord  rise  four  or  five  thousand  feet  within  a  mile  or  two 
of  the  shore,  and  five  or  six  thousand  feet  a  short  distance  further  back.  These  moun- 
tains encircling  Port  Valdez  maintain  permanent  snowfields  which  feed  minor  ice  tongues. 
Of  these  there  are  three  east  of  Solomon  Gulch,  Annin  Glacier  and  three  others  between 
Valdez  Narrows  and  Shoup  Glacier,  one  in  Fall  or  Grold  Creek,  the  Corbin  and  Hog- 
back Glaciers  east  of  Valdez,  and  the  Valdez  and  Shoup  Glaciers  which  are  to  be  more 
fully  described. 

The  town  of  Valdez  is  at  the  extreme  eastern  or  upper  end  of  the  fiord  near  the  north 
side;  and  opposite  it  on  the  south  shore,  near  the  site  of  the  former  settlement  called 
Swanport,  is  Fort  Liscum,  a  United  States  army  post. 
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The  Valdez  GuiaER 

General  Description.    The  Valdez  Glacier  (Pis.  XCIV,  A,  and  XCV)  is  a  through 
glacier  whose  northern  terminus  is  called  Klutena  Glacier.    It  has  been  described  by 
Schrader  as  follows.^    ** Starting  from  Valdez,  the  trail  leads  4  miles  northeast^  with  a 
veiy  gentle  rise  over  the  delta  gravels,  to  the  foot  of  the  Valdez  glacier,  thence  about 
north  for  18  miles  up  the  glacier  to  the  summit,  which  is  4800  feet  high.    The  glacier 
is  broken  or  transversely  marked  by  four  or  five  suc^cessive  long  benches  or  terraces, 
from  one  to  the  other  of  which  the  rise  of  100  feet  or  more  is  usually  sharp  and  some- 
times difficult,  the  topography  of  the  ice  being  rugged,  with  crevasses,  ridges,  and 
turrets.    Witli  tlie  exception  of  tliese  benches  the  ascent  from  the  foot  of  the  glacier  to 
near  tlie  summit  is  gradual;  but  just  before  reaching  the  top  there  is  a  steep  rise  of  a 
thousand  feet  at  an  angle  of  15^  to  20^.    The  pass  is  guarded  by  a  couple  of  prominent 
peaks,  one  on  either  side  and  standing  about  a  mile  apart.    From  the  summit  the  trail 
descends  rapidly,  but  nowhere  abruptly,  for  a  distance  of  6  miles  through  a  canyon- 
like  valley  to  the  foot  of  the  Klutena  glacier,  which  is  the  source  of  the  EHutena 
nver. 

Valdez  Glacier  trends  a  little  west  of  north  to  the  divide.  Bates  Pass,  beyond  which 
the  other  end  of  the  through  glacier  bends  eastward  again.  It  averages  two  miles  in 
width,  while  Klutena  Glacier  is  from  one  to  two  miles  ^lade.  Omitting  two  barely  de- 
tached tributary  glac*iers,  Valdez  Glacier  receives  two  tributaries  from  the  east  and 
one  from  the  west,  while  Klutena  Glacier  receives  two  eastern  and  one  western  tributary 
near  Bates  Pass.  The  latter,  which  has  a  "v^adth  of  about  two  miles,  heads  at  least  ten 
miles  farther  to  the  west  on  a  5000-foot  pass,  perhaps  as  a  through  glacier  with  the 
Shoup  or  Columbia  ice  tongues,  and  flows  eastward  and  bifurcates  near  Summit  Peaks, 
sending  a  smaller  glacial  distributary  northeastward  to  Klutena  Glacier  and  a  largw 
one  southeastward  to  Valdez  Glacier. 

The  Bates  Pass  ice  tongue  is  another  through  glacier  east  of  this  one  (PI.  XCV),  the 
divide  being  covered  by  a  snowfidd.  The  Klutena  terminus  is  2020  feet  above  sea  level 
and  from  it  a  stream  flows  to  Copper  River.  The  Valdez  terminus  is  210  feet  above 
sea  level,  the  difference  in  elevation  of  the  termini  being  mainly  a  response  to  the  differ- 
ence in  snowfall  on  the  seaward  and  landward  sides  of  the  mountain  range.  The  moun- 
tain walls  of  the  Valdez-KIutena  through  glacier  rise  from  four  to  over  seven  thousand 
feet,  being  much  oversteepened  by  former  glacial  erosion.  The  glacier  surface  is  made 
up  of  a  series  of  ice  falls  and  gentler  slopes  so  that  the  prospectors  spoke  of  it  as  divided 
into  ''benches."  There  are  no  pronounced  medial  moraines,  but  the  lateral  moraines 
are  broad,  and  near  the  terminus  several  faint  medial  moraines  are  disclosed  by  ablation. 

The  width  of  Valdez  Glacier  at  the  terminus  is  a  mile  and  a  quarter,  or  a  mile  and 
three-quarters  around  the  slightly  cur\'ed  periphery  of  the  front.  The  ice  front  rises 
300  feet  in  the  first  quarter  of  a  mile,  and  reaches  an  elevation  of  1000  feet  seven-eighths 
of  a  mile  from  the  end,  1500  feet  a  mile  and  a  half  back,  and  2750  feet  at  a  distance  of 
eleven  and  a  half  miles  from  the  terminus. 

A  mile  and  a  half  from  the  end  of  the  glacier,  on  the  eastern  side,  is  the  valley  of 
a  detached  tributary  into  which  Valdez  Glacier  bulges  slightly.  The  small  glacier  in 
this  valley  (which  we  have  named  Camida  Glacier)  is  three-eighths  of  a  mile  wide  and 

>  Schrader,  F.  C,  Report  on  Prince  William  Sound  and  the  Copper  River  Region,  in  Mapa  and  ] 
tiona  of  Routea  of  Ei^oimtion  in  Alaika  in  1896,  ^Mcial  Publication,  U.  S.  Geol.  Survey,  ISMl  p.  SI. 
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Has  one  south  tributary.  Its  end  is  heavily  covered  with  moraine  and  completely  dis- 
connected from  Valdez  Glacier. 

Between  the  terminus  of  Valdez  Glacier  and  Port  Valdez  are  three  and  a  half  miles  of 
outwash  gravel  plain  with  many  occupied  and  abandoned  stream  courses,  a  few  knobs 
of  dissected  outwash  gravels  and  recessional  moraines,  and,  near  Valdez,  a  strip  of  forest. 

Observations  Prior  to  1898.  Vancouver's  lieutenant,  Whidbey,  entered  Puerto  de 
Valdes  on  June  10,  1794,  making  the  first  map  of  it  and  showing  its  head  about  half 
way  between  Valdez  Narrows  and  the  present  terminus.  He  sailed  northeast  for  twelve 
miles,  or  to  what  we  now  call  Valdez  Narrows,  where  he  states  ^  that  a  ''small  brook, 
supplied  by  the  dissolving  of  the  ice  and  snow  on  the  mountains,  flowed  into  the  arm, 
which  about  five  miles  from  thence  terminated  in  an  easterly  direction.''  The  latitude 
given  and  the  shape  of  the  fiord  are  essentially  correct  except  that  it  does  not  extend 
eastward  as  far  as  now;  but  no  glaciers  are  mentioned.  Whidbey  speaks  of  the  region 
being  in  the  same  latitude  as  what  we  now  call  Columbia  Glacier  where  they  had  ob- 
served great  falls  of  ice,  and  of  their  surprise  in  Port  Valdez  that  ''in  this  branch  no  ice 
has  been  seen,  notwithstanding  it  is  terminated  by  shallow  water  at  its  head,  and  is 
surrounded  by  similar  steep  frozen  mountains."  Davidson  has  looked  into  Whidbey's 
description  and  believes  *  that  if  the  shore  on  Whidbey's  map  "really  was  the  limit  of 
the  bay,  and  the  water  was  found  shallow,  then  the  whole  eastern  half  of  the  Port, 
with  its  one  hundred  and  fifty  fathoms  depth,  was  occupied  by  a  low  moraine-covered 
glacier  that  hid  the  ice  front." 

We  are  not  convinced  of  the  correctness  of  this  interpretation,  partly  because  no  thun- 
dering ice  falls  or  floating  icebergs  are  mentioned,  as  would  be  necessary  with  the  existing 
depth  of  the  fiord,  partly  because  the  original  account  does  not  prove  that  Whidbey 
went  far  enough  through  the  Narrows  to  see  the  whole  length  of  Valdez  Arm  and  the 
Shoup  and  Valdez  Glaciers,  but  chiefly  because  eastern  Prince  William  Sound  does  not 
seem  to  have  had  such  a  recent  episode  of  ice  advance  as  is  shown  in  Yakutat  and  Gla- 
cier Bays.  An  eight  or  nine-mile  retreat  for  Valdez  Glacier  between  1794  and  1898  is 
not  impossible,  but,  if  Davidson's  interpretation  is  correct,  the  vegetation  has  followed 
the  ice  front  much  more  closely  here  than  in  simUar  cases  we  have  observed  in  Alaska^ 
for  in  1909  spruce  was  growing  at  Valdez  and  cottonwood  and  alder  extended  right  up  to 
the  glacier.  Moreover,  if  Valdez  Glacier  was  so  extensive  in  1794,  even  if  moraine-covered 
and  not  discharging  icebergs,  and  not  recognized  as  a  glacier,  Shoup  Glacier  should 
have  been  similarly  expanded  and  must  have  been  visible  to  Whidbey  from  the  Narrows, 
should  have  discharged  icebergs,  and  should  have  spread  over  slopes  that  are  now  too 
well  tree-covered  to  have  been  reforested  in  the  years  between  1794  and  1898.  Another 
objection  to  this  theory  of  recent  great  expansion  of  Valdez  Glacier  is  the  presence  of 
the  very  extensive  outwash  gravel  plain  which  extends  from  the  Valdez  Glacier  front 
three  and  a  half  miles  to  the  head  of  the  fiord.  A  long  period  of  time  has  been  required 
to  build  this  gravel  plain,  even  assuming  former  shallow  water  where  it  stands;  and, 
moreover,  mature  cottonwood  trees  have  had  time  to  grow  upon  it  since  it  was  built 
above  sea  level. 

1  Vancouver,  Capt.  George,  A  Voyage  of  DiBoovery  to  the  North  Pacific  Ocean  and  Around  the  World, 
Vol.  V,  London,  1801,  pp.  817-8. 

*  Davidson,  George,  The  Glaciers  of  Alaska  that  are  Shown  on  Russian  Charts  or  Mentioned  in  Older 
Narratives,  Trans,  and  Proc.  Geog.  Soc.,  Pacific,  Vol.  m,  1004,  pp.  S5-6. 
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We  are  inclined  to  think,  therefore,  that  although  Valdez  Glacier  ia  now  leoediiig 
from  a  fairly  recent,  more  advanced  position,  the  e\idence  is  not  oonclunve  thmt  the 
advance  was  so  recent  as  suggested  by  Davidson's  interpretation  of  Whidbegr*!  ob- 
servations in  1794. 

There  is  a  rumor  that  the  Russians  went  into  the  Copper  River  valley  from  the  head 
of  Port  Valdez,  but  it  is  not  known  when,  nor  whether  they  went  over  the  Valdes  GlacMTf 
nor  what  conditions  th^  encountered. 

Petroff  stated  ^  in  a  report  written  in  1882,  that  '*in  Port  Valdez,  at  the  northMa 
extremity  of  the  sound,  a  glacier  exists  with  a  face  15  miles  in  length  at  the  sea  Aan^ 
while  its  downward  track  can  be  traced  almost  to  the  summit  of  the  Alps.  Huge  ii 
bergs  drop  off  its  face  with  a  thundering  noise  almost  continually  and  drift  out  to 
and  the  whole  extensive  bay  is  covered  with  small  fragments,  making  it  inaooeaable  to 
even  boat  navigation,  and  consequently  a  safe  retreat  for  seals,  which  aport  here  n 
thousands.  Port  Fidalgo  in  the  east  and  Port  Wells  in  the  west  also  have  tiemeodoiia 
glaciers." 

The  presence  of  a  glacier  *' fifteen  miles  in  length  at  the  sea  shore*' is  manifestly  im- 
possible in  Port  Valdez  fiord  which  could  not  have  held  such  a  glacier,  even  if  Valdea 
and  Shoup  Glaciers  had  then  coalesced;  nor  could  such  a  large  glacier  have  ^^"^^ 
anywhere  in  Prince  William  Sound,  for  the  expansion  and  union  of  Valdes,  Shoop^ 
and  Columbia  Glaciers  would  result  in  a  united  ice  front  of  only  ten  miles.  V^getatiai 
and  human  records  prove  that  no  such  expansion  could  have  occurred  between  1794  and 
sometime  between  1868  and  1882,  the  dates  between  which  any  possible  Russian  ob- 
ser\'ation  to  which  Petroff  might  have  had  access  must  have  been  made.  The  dimoi- 
sions  are  evidently  an  error,  possibly  of  printing  or  of  translation,  for  Petroff  knew  the 
Russian  records  as  well  as  any  man. 

He  specifically  mentions  the  Port  Wells  glaciers  to  the  west,  which  aie  still  tidal. 
and  glaciers  in  Port  Fidalgo  on  the  eastern  side  of  Prince  William  Sound,  wheie  no 
glaciers  are  now  known,  but  does  not  mention  the  great  Columbia  Glacier,  the  largest 
ice  tongue  of  the  whole  region.  We  think  it  probable  that  the  Columbia  Glacier  readied 
tidewater  in  the  period  mentioned,  as  it  does  now,  and  are,  therefore,  inclined  to  bdieve 
that  the  Columbia  Glacier  is  referred  to  in  the  sentences  quoted  from  Petroff. 

In  September,  1884,  Lieut.  W.  R.  Abercrombie  of  the  U.  S.  Army  entered  Port  Valdes 
and  ascended  one  of  the  glaciers  to  a  point  where  he  could  see  a  lake  beyond.*  It  is  not 
evident  whether  this  was  the  Corbin  Glacier  or  some  other  ice  tongue  that  was  then 
more  extensive  than  now.  It  can  hardly  have  been  the  Valdez  Glacier  and  Klutena 
Lake,  for  the  direction  is  wrong  and  the  distance  too  great.  The  ice  pass  sought  was 
one  formerly  (1850-60)  used  by  the  Copper  River  natives  on  their  way  to  Prince  IIWI- 
liam  Sound.  It  may  have  been  one  leading  to  Woodworth  Glacier  in  the  Tasnuna 
Valley,  though  the  distance  is  rather  great  and  there  is  now  no  lake.  It  was  not  Mar- 
shall Pass,  which  has  no  glacier.  Allen's  map  made  in  1885,  perhaps  from  Abercrombie's 
data,  shows  this  route  with  the  glacier  and  lake,'  but  not  on  a  large  enough  scale  for 

>  Petroff,  Ivan,  Population,  Industries  and  Reaouroes  of  Alaska,  Tenth  Census  of  the  United  Ststei^  ISBIt 
Vol.  VIII,  1884,  p.  «7. 

« Abercrombie,  W.  R..  Supplementary  Expedition  into  the  Copper  River  Vall^,  Alaska,  In  NamtifSi 
of  ExploraUons  in  Alaska,  Washington,  1900,  pp.  891-4;  Amer.  Geol.,  Vol.  XXIV,  1809,  pp.  S49-854. 

>  Allen,  H.  T.,  An  Expedition  to  the  Copper,  Tanana,  and  Koyukuk  Rivers,  Senate  Ex.  Doc  liS^  4Mi 
Congress,  2nd  Session,  Washington,  1887,  Msp  S. 
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identification  of  the  glacier  mentioned  by  Abercrombie.  We  are,  therefore,  unable  to 
state  specifically  what  the  glacial  conditions  in  Port  Valdez  were  even  as  late  as  1884. 

Valdez  Glacier  between  1898  and  1911.  In  1898  Valdez  Glacier  became  a  highway  of 
travel  into  the  interior  of  Alaska,^  and  from  that  date  to  the  present  we  have  definite 
knowledge  about  the  general  condition  of  the  glacier.  It  is  not  known  who  was  the 
first  of  the  prospectors  who  made  his  way  across  the  ice-filled  pass  of  Valdez  Glacier, 
on  his  way  to  the  Klondike  gold  fields  by  the  AU-American  route  or  to  the  Copper  River 
valley,  nor  when  the  first  traverse  was  made.  Doubtless  this  first  journey  was  made 
before  1898,  for  during  February,  March  and  April  of  that  year  three  thousand  people 
landed  at  Valdez,  and  one  or  two  thousand  more  came  during  the  summer.  Some 
prospectors  had  reached  the  sununit  of  Valdez  Glacier  by  April  15th,  and  before  May 
3rd  2000  men  had  crossed  the  pass  and  gone  down  the  Klutena  Glacier,  while  1500  more 
were  on  their  way.^  Mr.  Charles  Simonstad  of  Valdez  who  crossed  the  glacier  in  1898 
states  that  5000  men  landed  that  year,  that  4500  crossed  the  glacier  pass,  and  that 
all  but  two  or  three  hundred  of  them  returned  that  fall  by  the  same  route. 

In  April  and  May,  1898,  some  of  the  army  detachments  crossed  the  glacier  pass 
several  times.  These  men  and  the  many  prospectors  encountered  great  hardships, 
being  unprepared  for  glacier  travel;  but  the  generally  inactive  condition  of  the  glacier 
may  be  inferred  from  the  fact  that  three  or  four  thousand  men  were  able  to  travel  over 
it  as  a  highway  during  1898,  to  transport  thousands  of  pounds  of  provisions  and  outfit, 
and  even  to  take  pack  animals  over  the  twenty-four  miles  of  ice,  twenty-three  horses 
and  mules  being  used  by  a  single  one  of  the  army  parties,  and  fourteen  by  another. 
The  geologist  Schrader  and  several  of  the  army  officers  have  described  the  glacier  with 
its  ice  falls,  benches,  and  crevasses,  the  descriptions  and  photographs  by  Schrader  and 
the  map  by  Mahio  showing  conclusively  that  the  surface  and  the  position  of  the  ter- 
minus have  fluctuated  only  slightly  between  1898  and  1909.  The  1898  map  shows  the 
glacier  terminus  projecting  farthest  near  the  eastern  side  of  the  valley  and  two  streams 
flowing  to  the  flord,  one  on  the  western  side  through  Valdez,  the  other  by  way  of  Robe 
Lake.  This  map  is  reproduced  as  Fl.  XCV.  A  large  photograph  of  the  front  of  the 
glacier  taken  by  J.  H.  Steiner  on  July  14,  1898,  shows  the  western  margin  ending  dose 
to  a  distinctive  talus  cone  on  the  mountain  side,  and  exactly  at,  or  within  a  few  score 
feet,  of  the  position  of  the  same  margin  in  1909. 

The  second  Copper  River  Exploring  Expedition  of  the  U.  S.  Army,  in  1899,  also 
under  charge  of  Captain  Abercrombie,  gave  little  attention  to  the  Valdez  Glacier  and 
veiy  few  prospectors  crossed  the  glacier  pass  that  year,  although  mwy  had  come  back 
that  way  during  the  previous  fall  and  winter.  It  was  crossed  by  at  least  one  army 
party,*  however,  J.  F.  Rice  going  over  the  glacier  and  back  again;  and  the  front  was 
mapped  by  Lieut.  W.  C.  Babcock,  who  also  took  many  photographs  of  the  ice  front. 


1  Martiii,  Lawrence,  Hasteiing  the  Almkiin  Glacier  Barrier8»  Scientific  American  Supplement,  Vol.  LXXI, 
1011,  pp.  S05-897;  Alaskan  Glaciers  in  Relation  to  life.  Bull.  Amer.  Geog.  Soc,  Vol.  45, 191S>  pp.  801-818. 

« Abercrombie,  W.  R.,  Reports  of  Explorations  in  the  Territory  of  Alaska,  1898,  War  Dept,  Adj.-Gen. 
Office,  No.  XXV,  Washington,  1899.  pp.  899-80Q,  904-809,  848-844,  855-854,  889-891,  894-401,  408-407. 
481-428, 488-485, 451-452, 454-455;  also  i^ublished  m  Narratives  of  Explorations  in  Alaska,  Washington,  1900. 

Sdirader,  F.  C,  A  Reconnaiannoe  of  a  Part  of  Prince  William  Sound  and  the  Copper  River  District. 
Alaska,  in  1898,  20th  Ann.  Rq>t,  U.  S.  Ged.  Survey,  Pkut  VII,  1900,  pp.  850-858,  855-^856,  881-882. 

>  Rice,  John  P.,  In  W.  R.  Abercrombie's  Copper  River  Exploring  Eiqiedition.  Alaska,  1899,  Washington, 
1900,  pp.  55-57. 
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published  in  the  report  referTc<]  to  above,  several  of  which  may  be  used  for  deteinuning 
the  slight  changes  in  the  glacier  tcrmiDus  between  18!)D  and  1909.  His  map  shows  that 
the  end  changed  from  a  a out)i west-facing  terminus  projecting  most  on  the  eastern  side 
in  180S  to  a  south-facing  terminus  projecting  most  in  the  middle  in  1899.  The  glacial 
streams  changed  slightly  also. 

Schradcr  and  Spencer,  in  IflOO,  went  into  the  Copper  River  valley  by  way  of  Valdez. 
and  their  topographers,  Gcrdine  and  Witherspoon,  represented  the  Valdez  Glacier  upon 
a  map,  altliough  their  route  lay  over  a  new  military-  trail  which  did  not  traverse  the 
Valdez  Glacier.    They  state  that  most  of  the  prospectors  who  went  into  the  interiw 


Fig.  Si.    Skbtcb  Map  or  Valdez  Glacieb  in  IBOB. 
The  coatours  arc  in  error,  owinf;  tu  an  accident  to  tlic  iastnimcnt  lui'd. 

over  the  snow  early  in  1900  follon-cd  the  glacier  route,  but  tliat  it  was  not  utilized  during 
the  summer.*  Their  map  and  a  photograph  by  Spencer  show  the  ice  front  much  as  is 
1899,  though  the  streams  on  the  outwash  plain  were  slightly  different 

In  1001  begins  the  series  of  valuable  obser\'ations  of  Valdez  Glacier  by  the  late 
L.  S.  Camicia,  an  optician  and  watch-maker  at  Valdez,  who  took  pains  to  go  to  the 
glacier  nearly  every  year  since  then,  and  who  made  careful  measurements  of  the 
retreating  ice  front.  He  visited  the  glacier  in  1898  and  1899  but  made  no  meaaure- 
mcnts.  In  1901  he  selected  stations  and  built  monuments  upon  morainic  knolls  in 
front  of  tlie  glacier,  and,  by  pacing  and  measuring  with  a  twenty-foot  rope,  determined 
■  Schrader,  F.  C.  and  Spencer,  A.  C,  The  Geology  and  Mineral  Reaoiircea  of  KPortwnof  theO^perBim 
Dittrict,  Alaska.  Houae  Doc.  HO,  Hth  Congrcai.  Snd  Seaaion,  Waahington.  IMl,  p.  IB  and  Hate  11;  alw 
tepubUibed  in  H.  I,  BuU.  S74,  U.  S.  Geol.  Survey,  190B,  and  ChitinaQvadran^  M^>  601.  U.  S.  Gcol.  Sumr. 


VALDEZ  AND  SHOUP  GLACIERS 


24S 


the  distance  from  the  stations  to  the  ice  front.  These  observations  were  repeated  in 
the  years  listed  below,  showing  that  the  glacier  retreated  586  feet  between  June  6, 
1901,  and  June  18,  1911,  or  an  average  of  about  58^  feet  per  year.  It  is  unfortunate 
that  Dr.  Camicia  made  no  observations  in  1906  or  1907  when  the  otherwise  steady  re- 
treat was  interrupted,  as  will  be  shown  later.  He  states  that  the  glacier  has  retreated 
more  on  the  east  than  on  the  west  side.  The  measurements  given  below  are  about  in 
the  middle  of  the  ice  front. 

Table  Showing  Retreat  op  Valdez  Glacier  During  Ten  Years 


Date  of  Observation 

Amount  of  Retreat 

Total  Retreat 

June   6,  1901,  to  June  18,  1902 

39  feet 

39  feet 

June  18,  1902,  to  June    7,  1904 

165     " 

204     " 

June   7,  1904,  to  June  16,  1905 

97     " 

301     " 

June  16,  1905,  to  Oct.  13,  1908 

205     " 

506     " 

Oct.  13,  1908,  to  June  21,  1909 

44     " 

550     " 

June  21,  1909,  to  June  18,  1911 

36     " 

586     " 

In  June  and  September,  1904,  the  junior  author  spent  several  days  at  Valdez  and 
made  brief  observations  of  the  glacier.  The  following  description  is  based  upon  notes 
made  at  the  time.  The  front  had  no  terminal  cliff  but  ended  in  a  low  sloping  edge, 
almost  as  in  1909.  The  lateral  moraines  were  much  as  they  are  now,  and  in  a  wedge 
near  the  center  the  ice  was  mantled  with  angular  fragments  for  a  half  mile  from  the 
front,  but  was  less  crevassed  than  in  1909.  The  area  of  crevassing  near  the  turn  in 
the  glacier  on  the  west  side  was  much  as  during  the  whole  period  of  observations. 
There  was  a  good-sized  lakelet  in  front  of  the  glacier,  west  of  the  middle,  a  very  large 
stream  flowing  from  the  eastern  margin  of  the  glacier,  and  a  smaller  stream  from  the 
western  margin.  The  latter  was  veiy  much  larger  than  the  stream  occupying  the  same 
position  in  1909. 

Valdez  Glacier  has  been  twice  visited  by  Professor  U.  S.  Grant.  He  made  observa- 
tions and  took  photographs  in  1905  which  enabled  him  to  detect  an  advance  between 
that  year  and  1908,  which  he  describes  ^  as  follows: 

**The  western  part  of  the  front  of  this  (Valdez)  glacier  was  visited  about  August 
1,  1905,  and  again  on  July  11,  1908.  Some  time  during  this  interval  the  glacier  has 
advanced  250  to  350  feet  and  built  a  moraine  and  then  retreated  nearly  to  its  former 
position.  On  the  extreme  western  edge  the  ice  in  1908  was  about  100  feet  in  advance 
of  its  position  in  1905." 

Since  Dr.  Camicia  did  not  visit  the  Valdez  glacier  in  1906  or  1907,  we  cannot  be  sure 
in  which  of  these  years  the  advance  took  place.  It  must  have  been  slight  and  brief, 
as  it  escaped  observation  by  the  people  of  Valdez,  only  three  and  a  half  miles  away. 
A  photograph  taken  in  June,  1907,  proves  that  the  advance  was  not  going  on  at  that 
time,  and  it  seems  probable  that  it  occurred  in  1906. 

1  In  H.  F.  Reid's  Variations  of  Glacien,  Joum.  Geol^  Vol.  XVII»  1909,  p.  870. 

Grant,  U.  S.  and  Higgina,  D.  F.,  Gladeia  of  the  Northern  Part  of  Prince  ¥^lliam  Sound,  Bull.  Amer. 
Geog.  Soc  Vol.  XT,!T.  1910,  pp.  7tt-7M. 
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Observations  by  the  National  Geographic  Society.  The  National  Greographic  Society's 
expedition  spent  August  17-19,  1909,  in  studying  and  photographing  Valdez  Glacier.' 
We  made  slight  additional  observations  in  1910  and  1911.  In  1909  Mr.  Lewis  made  the 
topographic  sketch  map  reproduced  as  Fig.  2d  and  established  the  bench  marks  from  which 
transit  readings  on  the  ice  front  were  made.  These  bench  marks,  for  Valdez  Glacier, 
are  located  as  follows. 

Transit  Readings.  Transit  readings  from  Stations  A  and  B,  Valdez  Glacier,  August 
19,  1909. 

Station  A  (Fig.  28)  is  located  on  the  hillside  on  the  west  side  of  the  alluvial  outwash 
plain,  one-half  mile  south  of  the  glacier  front.  It  is  a  stake  driven  two  feet  in  the 
ground,  just  above  a  bare  brownish  cli£P  about  200  feet  above  the  plain. 

Readings 


Point  Sighted 

Ver.A 

Ver.B 

Angle  from 
A-B 

1.  Station  B 

i.  Extreme  southern  point  of  glacier 
S.  Ice  front  about  middle  of  glacier 
4.  West  margin  of  glacier  where  ice 
disappears   from    view    around 
hill.    Point  is  about  one  mile 
north  of  ice  front 

0"  00' 
849"  88' 
846»  61' 

801°  18' 

180°  00' 
169"  88' 
166»  51' 

Ul"  18' 

10°  ««' 
18°  09' 

58°  48' 

Station  B  is  located  on  the  point  of  a  spur  east  of  the  outwash  gravel  plain  and  about 
1200  feet  east  of  the  present  discharging  stream  of  the  glacier.  A  creek  from  the  high 
hills  to  the  east,  nmning  west,  bears  north  of  the  station  about  600  feet,  and  a  prospec- 
tor's cabin  bears  north  about  1500  feet.  The  station  is  marked  by  a  stake  driven  in  a 
crack  in  a  bowlder  4  by  6  feet  on  top. 

Readings 


Pmnt  Sighted 

Ver.A 

Ver.B 

Angle  from 
A-B 

1.  Station  A 

2.  Ice  front  about  middle  of  glacier 

(Same  as  No.  8,  Station  A) 
8.  Point  on  ice  front  half  way  between 
middle  and  west  edge 

180**  00' 
195'  50' 

197"  04' 

00»  00' 
15°  50' 

ir  04' 

15°  60' 
17°  04' 

Camida  Glacier.    The  first  tributary  valley  on  the  east  side  of  Valdez  Glacier  is  occu* 
1  Nat.  Geog.  Mag.,  Vol.  XX»  1910,  pp.  7,  9.  11,  and  22. 
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pied  by  the  Caznicia  Glacier  ^  which  is  detached  from  the  main  ice  tongue,  as  abeady 
stated.  Between  this  former  tributary  and  the  Valdez  Glacier  is  a  triangular  depression 
into  which  the  Valdez  Glacier  bulges  slightly  (Fig.  22)  and  this  depression,  one  or  two 
hundred  feet  deep,  sometimes  contains  a  marginal  lake,  like  the  Merjelen  See  on  the  bor- 
der of  the  Aletsch  Glacier  in  Switzerland.  At  the  time  of  our  visit  in  August,  1909, 
there  was  no  lake  present,  but  the  numerous  stranded  icebergs  attested  its  recent  pres- 
ence, the  fact  that  these  icebergs  had  not  melted  and  that  some  of  them  rested  upon  last 
winter's  snowbanks  showing  that  the  lake  had  existed  in  the  spring  of  1909.    The  lake 
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FiQ.  23.    Teuangulation  on  Fbont  of  Valdez  Glacceb  is  1909. 
For  location  of  stations  A  and  B  see  Fig.  22. 

occupied  a  triangular  area  of  nearly  half  a  square  mile  and  probably  received  part  of  its 
water  from  a  stream  issuing  from  Camicia  Glacier  and  part  from  the  marginal  drainage 
of  Valdez  Glacier  itself.  The  lake  possibly  forms  every  spring  or  winter,  when  glacial 
advance  and  freezing  closes  crevasses  and  sub-glacial  channels,  and  drains  again  early 
in  the  summer  through  a  submarginal  channel.  That  the  draining  of  the  lake  of  1909 
had  been  completed  in  August  is  shown  by  the  icebergs  (PI.  XCVI)  in  the  picture  re- 
produced here. 

This  detached  tributary,  which  is  three-eighths  of  a  mile  wide  and  has  one  south 

1  Named  for  the  late  L.  S.  Camida  of  Valdez,  whose  valuable  observations  on  Valdez  Glacier  have  already 
been  mentioned. 
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tributary  cascading  out  of  a  lofty  hanging  valley,  ends  in  a  moraine-covered  nose»  beneath 
which  a  stream  emerges  from  an  ice  cave.  About  two  miles  from  the  edge  of  Valdes 
Glacier  tlie  clear  ice  begins,  and  thence  eastward  to  the  summit  the  surface  is  bare 
of  moraine.  There  are  no  medial  moraines  but  there  are  broad  lateral  moraines, 
that  on  the  south  side  being  widest,  partly  because  of  the  supply  from  the  cascading 
tributary. 

Surface  oj  Valdez  Glacier.  The  surface  of  Valdez  Glacier  is  generally  clear  and  free 
from  moraine  except  along  the  margins  and  near  the  terminus.  It  is  moderately  cie- 
vassed  (PI.  XCIV,  B),  but  melting  has  rounded  the  seracs  and  reduced  their  height  so 
that  the  crevasses  are  rather  broad,  and  none  of  them  deep.  One  can  make  fairfy  ea^ 
and  rapid  progress  over  the  glacier  surface  by  winding  back  and  forth  between 
crevasses.  The  surface  is  made  up  of  coarsely-crystalline  ice  so  melted  along  the  crjrBtal 
faces  for  the  upper  six  inches  that  it  is  granular  and  crumbles  as  one  walks  over  it. 
Pieces  one  or  two  inches  square  can  be  picked  out  and  through  each  numerous  holes 
and  cracks  extend. 

The  lateral  moraines  are  a  mere  veneer  of  slabby,  angular  debris  upon  the  surface.  In 
the  east  lateral  moraine,  where  the  ice  is  somewhat  crevassed,  the  veneer  is  so  thin  that 
sheer  cliffs  stand  out  as  a  result  of  melting,  and  the  crevasses  are  only  partly  filled. 
Upon  the  lateral  moraines  and  the  d£bris-laden  terminus  are  numerous  lines  of  flat  stones 
whose  linear  arrangement  suggests  that  they  represent  the  bottom  of  former  crevasses. 
Some  of  the  lines  of  these  crevasse  deposits  now  stand  in  relief.  There  are  also  numerous 
cones  near  the  terminus  of  the  glacier  that  appear  to  be  piles  of  dirt  but  are  really  cones 
of  ice  (PI.  XCVII,  A),  very  thinly  veneered  with  fine  black  slate  fragments,  which  have 
protected  the  ice  and  kept  it  from  melting.  Some  of  these  are  six  or  eight  feet  high, 
and  some  are  low  and  in  form  resemble  ant  hills.  Many  of  these  smaller  cones  are  also 
in  lines  and  suggest  moulin  deposits  along  the  bottom  of  crevasses.  There  are  oc» 
casional  glacier  tables  where  flat  rocks  stand  upon  a  column  of  ice  which  has  been 
protected  from  melting.  The  material  upon  the  glacier  surface  is  predominantly  slate 
and  graywacke  of  the  Valdez  series  with  a  few  crystalline  rocks,  such  as  might  come  from 
the  granitic  diorite  dikes  of  the  area  drained  by  the  glacier  and  its  tributaries. 

Front  of  Valdez  Glacier.  The  terminus  of  the  glacier  slopes  gently  (Pi.  XCVIII,  A) 
and  is  continuously  dirty.  Near  the  eastern  side  two  rock  knobs,  each  over  a  hundred 
feet  high,  rise  at  the  edge  of  the  glacier,  being  the  only  rock  hills  exposed  away  from 
the  valley  walls.  East  of  these  the  largest  stream  emerges  and  the  lateral  moraine 
is  wide,  while  to  the  west  a  V-shaped  area  of  debris-covered  ice  extends  far  up  the 
glacier.  The  west  lateral  moraine  is  also  broad  but  is  interrupted  by  the  area  of 
crevassing  where  the  glacier  turns  sharply  at  the  bend  in  the  valley  less  than  a  mile  from 
the  end.  The  debris-covered  portion  of  the  terminus  is  narrowest  in  the  middle  of 
the  glacier  between  tlie  west  lateral  moraine  and  the  medial  moraine. 

The  streams  emerging  from  the  middle  of  the  glacier  front  in  1909  were  of  smaU  sise 
and  there  were  no  good-sized  frontal  lakes,  though  there  were  several  small  ones.  The 
stream  on  the  west  side  was  much  smaller  than  that  on  the  east.  The  drainage  evidently 
shifts  back  and  forth  across  the  ice  front,  as  is  shown  by  the  abandoned  stream  channek 
and  terraces  and  the  absence  of  vegetation  upon  the  outwash  gravels  in  front  of  the  gla- 
cier. The  largest  stream  has,  however,  remained  on  the  east  side  of  the  glacier  since  1898; 
there  has  sometimes  been  a  stream  in  the  center  and  sometimes  not;  and  the  stream  on 
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the  west  side  has  fluctuated  notably  in  volume.  Part  of  this  variation  is  doubtless  due 
to  fluctuation  according  to  the  season  of  the  year. 

Recession  of  the  Glacier.  Photographs  taken  in  1909  from  sites  occupied  by  Grant  in 
1905  and  1908  show  that  the  retreat  of  the  glacier  is  continuing,  as  is  also  shown  by  Dr. 
Camicia's  measurements.  Recent  retreat  is  also  attested  by  the  presence  of  detached 
ice  masses,  partly  covered  with  ablation  moraine  or  with  outwash  gravels,  some  distance 
out  from  the  ice  front  on  the  west  side,  and  at  several  pdints  near  the  center. 

There  is  no  continuous  recessional  moraine  in  front  of  the  Valdez  Glacier,  the  468-foot 
ridge  projecting  from  the  east  side  of  the  valley,  three  quarters  of  a  mile  south  of  the 
glacier  (Fig.  22)  being  a  rock  spur.  West  of  the  center  of  the  glacier  there  is,  however, 
an  elongated  morainic  hillock  75  to  100  feet  high.  It  is  850  feet  from  the  ice  front  and 
extends  parallel  to  it,  the  site  of  Dr.  Camicia's  original  monument  and  of  one  of  our 
camera  stations  (C,  Fig.  22).  On  either  side  of  it  are  two  or  three  other  hillocks 
forming  a  crescent.  This  monument  ridge  is  made  up  of  rounded  outwash  gravels  and 
of  angular  scratched  bowlders  including  many  crystalline  rocks,  some  of  them  larg^ 
and  seems  to  contain  no  ice.  The  knolls  to  the  west  are  chiefly  dissected,  outwash 
gravel  remnants,  while  some  of  those  to  the  east  still  contain  ice.  On  these  knolls  are 
scattered  shrubs  ten  years  old  or  so,  indicating  that  the  year  1898,  when  the  pros- 
pectors report  some  of  these  knolls  uncovered,  a  condition  also  shown  in  photographs, 
was  soon  after  the  ice  had  left  the  monument  ridge.  Probably  it  even  later  abandoned 
some  of  the  hills  to  the  east  which  still  contain  ice.  The  rock  knobs  on  the  east  side  of 
the  glacier  have  only  annual  plants  growing  upon  them  and  have  apparently  been  uncov- 
ered later  still.  The  mountain  slopes  on  either  side  of  the  glacier  also  have  a  barren 
strip  at  their  base  from  which  the  ice  has  recently  receded. 

Oviwash  Gravel  Plain,  From  the  glacier  to  the  fiord,  a  distance  of  three  and  a  half  miles, 
extends  a  broad,  perfectly-developed  outwash  gravel  plain,  which  descends  sixty  feet  or 
so  to  the  mile.  It  is  made  up  predominantly  of  rounded  outwash  gravels  deposited  by  the 
glacial  streams,  and  has  a  high  percentage  of  slate  fragments.  There  are  practically  no 
large  bowlders.  Over  the  whole  surface  of  the  plain  there  are  numerous  dry  channels 
and  low  terrace  strips  between  channels.  This  outwash  plain  has  an  area  of  about  ten 
square  miles,  extending  southward  to  Lowe  River.  The  active  aggradation  by  the  large 
stream  from  the  eastern  margin  of  Valdez  Glacier,  locally  known  as  Glacier  River,  has 
built  up  the  gravel  plain  so  high  that  a  lake  is  held  in  between  the  outwash  gravel 
plain,  the  mountain  side  and  an  east-west  ridge  on  the  north  side  of  Lowe  River.  This 
is  Robe  Lake,  which  is  over  two  miles  long  and  has  had  one  of  the  glacial  streams  flowing 
into  it  since  before  1898.  The  outlet.  Robe  River,  receives  as  tributaries  several  other 
glacial  streams  (PI.  XCV). 

The  outwash  gravels  are  slumping  for  a  half  mile  from  the  ice  front  near  the  western 
valley  wall,  and  there  are  kettles  partly  filled  with  water,  showing  that  buried  ice  extends 
at  least  this  distance  out  from  the  visible  terminus.  East  of  the  center  other  areas  of 
slimiping  show  buried  ice  beneath  the  gravels,  though  these  do  not  extend  so  much  as  a 
quarter  mile  from  the  terminus.  The  persistent  rumor  in  Alaska  that  ice  underlies  the 
whole  gravel  plain,  and  even  the  site  of  the  town  of  Valdez,  and  that  it  has  been  reached 
by  wells  and  pulled  up  by  the  anchors  of  ships,  is  wholly  without  basis;  at  least  we  have 
not  been  able  to  find  any  definite  evidence  of  its  truth. 

Near  the  glacier  there  is  no  vegetation  upon  the  outwash  gravel  plain,  except  upon  the 
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isolated  knolls  already  mentioned  and  upon  one  strip  of  elevated  outwaah  terrace 
has  been  immune  from  stream  encroachment  since  before  1898,  and  upon  which  shrubs 
grew  at  that  time,  as  photographs  show.  East  of  this  terrace  there  is  no  part  of  the  out- 
wash  plain,  except  the  isolated  gravel  knobs,  that  has  any  shrubs  whatever.  That 
streams  flow  over  every  part  of  this  surface  sometime  during  practically  eveiy  year,  is 
indicated  by  the  fact  that  not  even  annual  plants  can  secure  a  permanent  foothold. 
One  small  strip  near  the  center  of  the  plain  that  had  scattered  shrubs  in  1808  has  since 
had  them  destroyed  by  the  streams. 

The  above  conditions  apply  to  the  mile  or  so  of  outwash  plain  nearest  the  glacier,  where 
there  are  a  very  few  small  areas  of  scattered  shrubs,  but  the  next  mile  and  a  half  or  two 
miles,  the  width  varying  in  different  parts  of  the  plain,  has  absolutely  no  vegetation 
except  a  few  annual  plants.  The  mile,  or  thereabouts,  of  plain  nearest  the  fiord,  on  the 
other  hand,  has  a  predominance  of  vegetation  cover,  chiefly  cottonwoods  and  alder, 
with  narrow  stream-channel  strips  extending  through  the  forest.  There  are  trees  several 
feet  in  diameter,  indicating  a  long  period  of  immunity  from  extensive  and  continuous 
stream  encroachment  in  this  part  of  the  outwash  plain.  This  period  of  inununity  is 
apparently  now  at  an  end,  for  there  are  lanes  of  stream  channel  extending  through  the 
forest,  in  some  of  which  the  trees  have  been  removed  while  in  others  the  dead  trees, 
40  to  50  feet  high,  still  stand  upright.  The  northern  margin  of  this  forest  is  made  up  of 
long  points  of  tree  growth,  extending  up  the  plain  toward  the  glacier.  That  this  finger- 
like inner  margin  is  a  condition  due  to  the  destruction  of  forest  rather  than  to  advance 
of  trees  is  suggested  by  the  recent  killing  of  mature  cottonwoods  which  had  grown  to  a 
diameter  of  two  or  three  feet  far  up  on  one  of  the  points.  That  all  the  forest  has  not  been 
removed  by  the  streams  may  be  due  to  lack  of  time,  the  streams  possibly  now  being  more 
active  again  after  a  period  when  the  glacier  was  farther  back  than  now.  Or  it  may  be 
due  to  the  fact  that  the  streams  have  become  entrenclied  in  the  gravels  at  other  points 
as  far  as  this  down  the  outwash  plain  and  while  they  persist  there,  vegetation  thrives 
elsewhere.  Sometimes  the  streams  do  leave  these  channels  and  mow  down  a  section  of 
forest,  as  during  the  floods  in  1005  when  trees  were  uprooted  or  smothered,  and  even 
houses  washed  away  in  the  town  of  Valdez.  The  forest  advances  farthest  toward  the 
glacier  in  the  eastern  side  of  the  outwash  plain  where  the  largest  stream  has  flowed  ever 
since  1808,  and  where  now  many  of  the  stream  channels  extend  down  through  the  forest. 
We  are  at  a  loss  to  account  for  this  peculiar  distribution  of  tree  growth  on  the  Valdes 
Glacier  outwash  gravel  plain,  though  it  is  possible  that  the  point  of  outflow  of  the  largest 
glacial  stream  varies  from  time  to  time,  the  latest  point,  since  1808,  being  on  the  eastern 
side  and  the  stream  from  it  still  being  engaged  in  raising  the  depression  of  Robe  Lake 
to  the  level  of  the  previously-deposited  central  part  of  the  plain. 

Former  Advance.  The  recency  of  retreat  of  Valdez  Glacier  from  the  latest  notable 
advance  is  proved  by  the  distribution  of  vegetation,  the  clearness  of  grooving  on  the 
valley  walls,  and  the  streams  cascading  down  the  mountain  sides  as  yet  little  entrenched 
in  gorges.  The  possibility  of  retreat  of  the  glacier  from  this  former  stand  to  a  point 
even  farther  than  at  present  is  suggested  by  the  vegetation-covered  talus  slopes  on  the 
west  side  of  the  valley,  of  which  the  ones  nearest  the  glacier  began  to  be  undercut  by 
glacier  and  streams  before  1808,  so  that  part  of  the  vegetation  has  been  removed. 

At  the  maximum  of  glaciation  the  main  ice  current  of  Valdez  Glacier  seems  to  have  been 
forced  over  to  the  west  wall  by  the  thrust  of  the  Corbin  and  two  other  tributaries  from 
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the  valleys  to  the  east.  The  west  wall  is  consequently  oversteepened  by  glacial  erosion 
up  to  1500  feet  or  more,  while  on  the  east  side  a  long  rock  spur  three  quarters  of  a  mile 
south  of  the  glacier  was  not  completely  removed,  nor  the  minor  rock  knobs  wholly 
erased.  Even  on  the  eastern  side,  however,  glacial  erosion  has  oversteepened  the  valley 
notably,  leaving  three  valleys  hanging  above  the  main  valley.  Corbin  Glacier  and  the 
one  north  of  it  end  within  their  hanging  valleys,  while  the  northernmost  glacier  still 
cascades  out  over  the  lip  of  its  hanging  valley.  It  is  not  known  what  the  relation  is 
between  the  Valdez  Glacier  and  Lowe  River  valley,  for  their  bedrock  bottoms  are  com- 
pletely buried  beneath  the  outwash  gravels;  but  it  is  suspected  that  Valdez  Glacier  was 
the  master  ice  tongue  and  that  Lowe  River  valley,  which  at  present  has  no  glacier,  hangs 
above  it. 

The  Shoup  Glacieb 

General  Description.  The  Shoup  Glacier,^  at  one  time-called  Canyon  Creek  Glacier* 
enters  Port  Valdez  just  north  of  Valdez  Narrows,  terminating  a  little  over  two  miles  back 
from  the  main  fiord.  It  has  been  erroneously  represented  upon  several  maps '  as  made 
up  of  two  glaciers  which  coalesce  two  miles  from  the  terminus.  As  a  matter  of  fact  there 
is  no  west  tributary,  but  the  Shoup  Glacier  is  of  a  peculiar  S-shape  (Fig.  24).  It  comes 
from  an  unknown  source  in  the  Chugach  Mountains,  perhaps  heading  on  a  through 
glacier  pass  with  the  west  arm  of  Valdez  Glacier,  in  a  region  characterized  by  Schrader 
as  '*  a  waste  of  glaciers  and  n6v6."  It  flows  southwest  for  an  unknown  distance  and 
then  bends  sharply  southeastward  aroimd  a  right-angled  elbow  (PI.  XCVIII»  B)  where, 
1000  feet  above  sea  level,  it  is  a  little  over  a  half  mile  wide.  Below  this  point  it  expands 
to  a  mile  and  a  quarter  and  flows  to  the  sea,  where  its  terminus  is  three  quarters  of  a 
mile  wide.  The  mountains  rise  to  heights  of  from  4000  to  6000  feet  near  the  glacier,  and 
the  valley  walls  ascend  precipitously  from  1000  to  3000  feet.  There  is  an  ice  cascade  at 
the  elbow,  below  which  the  glacier  slopes  smoothly  nearly  to  the  water's  edge,  and  there 
descends  steeply  again.  It  descends  1000  feet  in  the  lower  five-eighths  of  a  mile,  500  feet 
of  it  in  the  last  quarter  mile  and  200  to  300  feet  in  the  terminal  ice  fall.  The  glacier 
gives  an  impression  of  ending  on  the  rock  lip  of  a  hanging  valley,  though  its  terminus  is 
probably  on  the  face  of  a  step  in  the  main  valley  bottom.  The  western  half  mile  of  the 
glacier  front  ends  in  the  bay,  though  in  very  shallow  water,  while  the  eastern  quarter  mile 
has  a  delta  of  outwash  gravels  and  clay  in  front  of  it.  This  delta  is  an  eighth  of  a  mile 
wide  at  high  tide  and  three-eighths  of  a  mile  at  low  tide.  Across  it  fiows  one  branching 
glacial  stream  from  the  eastern  side  of  the  glacier  and  a  smaller  stream  from  the  hang- 
ing valley  of  Canyon  Creek,  which  terminates  in  a  lip  a  thousand  feet  above  the  fiord. 

Rock  ledges  show  beneath  the  glacier  at  one  point  behind  the  delta  and  at  two  points 
in  the  tidal  front  (PI.  C,  A).  Near  the  western  edge  the  basal  layers  of  exposed  ice 
(PI.  XCIX)  are  dirt-laden  and  simulate  rock  ledges,  though  no  rock  was  yet  exposed  there 
in  1909.  This  part  of  the  ice  front  reaches  tidewater,  but  icebergs  are  no  longer  dis- 
charged except  by  tumbling  down  the  precipitous  ice  front,  and  the  western  half  of  the 
glacier  is  apparently  just  about  to  cease  to  be  tidal.  The  water  is  so  shallow  that  gravel 
talus  cones  are  formed  along  the  western  edge  of  the  ice  margin. 

1  See  Chart  8521  and  8519,  U.  S.  Coast  and  Geod.  Survey. 

•  Maps  20  and  21,  Twentieth  Ann.  Rept.,  U.  S.  Geol.  Survey,  ^art  Vll,  1900;  and  map  acoompanying  Rept* 
XXV,  War  Dept.,  Adj.-Gen.  Office,  1900. 
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Shoup  Glacier  is  severely  crevassed  on  this  terminal  fall  but  is  little  crevassed  in  the 
gentler  slope  above  it  (PI.  XCVUI,  B)  as  far  back  as  the  ice  fall  at  the  dhow  in  the 
glacier,  lie  front  of  the  glacier  is  conspicuously  free  from  dibris-laden  layers  except 
in  the  basal  portion  just  mentioned.  On  the  surface  there  are  no  medial  moraines  and 
there  is  no  lateral  moraine  on  the  eastern  side,  excepting  below  the  elbow.  The  west 
side  has  a  broad  lateral  moraine  above  the  terminal  ice  fall,  but  this  dirt  and  stone  dis- 
appears in  the  crevasses  so  that  except  in  the  bottom  ice  there  is  practically  no  moraine 
on  either  margin  at  sea  level. 

Observationa  by  Sckrader  and  Grata.    As  already  stated,  the  Shoup  Glacier  was  not 
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seen  by  Whidbey  in  1794,  and  we  know  of  no  observations  by  the  Russians  who  entered 
Fort  Valdez.  F.  C.  Schrader  visited  and  photographed  it  in  18d8  and  Emil  Mahlo  first 
showed  it  upon  a  map,  but  with  the  bifurcation  already  alluded  to.  Schrader  briefly 
described  the  glacier  in  a  U.  S.  Geological  Survey  report.*  One  of  his  photographs  of 
the  ice  front,  taken  from  a  rocky  knob  on  the  west  side  of  the  bay  (Photo.  Station  A), 
shows  the  exact  conditions  in  1898  and  may  be  compared  with  photographs  from  the 
same  site  by  the  Coast  Survey  in  1901,  by  Grant  in  1905  and  1908,  and  by  the  National 
Geographic  Society's  party  in  1909  and  1910. 

1  See  discunioD  of  Canyon  Credc  Glader  valley  in  A  Reoonnaiuance  of  a  Part  of  Prince  WiUism  Sound  and 
the  C<«>er  Bivcr  DirtiicU  Aladn,  in  1898,  Twentieth  Ann.  Itq)t.lJ.  S.  Geal.  Surrey.  Part  Tn,  1900,  pp.  S8$-4. 
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In  July,  1905»  Shoup  Glacier  was  visited  by  Grant  whose  descriptions,  photographs, 
and  maps  ^  indicate  that  two  large  rocks  were  then  being  exposed  by  the  retreat  of  the 
glacier  that  were  not  visible  four  years  before.  Along  the  sides  of  the  glacier  there  was 
a  broad  space  of  bare  ground  free  from  soil  and  vegetation,  and  the  whole  aspect  of  the 
glacier  indicated  that  it  was  retreating.  On  July  13,  1008,  Grant  and  Higgins  found 
that  the  front  was  in  practically  the  same  position  as  on  July  4,  1905,  as  was  also  the 
case  on  June  16, 1909. 

The  statement  by  Grant  that  the  two  large  rocks  not  visible  in  1901  were  being  ex* 
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Fig.  25.    Tbianguiation  on  Fbont  of  Shoup  Glacisb. 


posed  in  1905,  is  of  interest  in  view  of  the  fact  that  in  1898,  these  ledges  were  already 
•exposed,  as  shown  by  Schrader's  photograph.  Nearly  five  times  as  much  of  the  larger 
rock  showed  in  1905  as  in  1898.  In  1908  the  two  areas  of  exposed  rock  ledges  were  nearly 
<x)nnected,  the  smaller  or  westernmost  being  of  about  the  same  size  as  in  1898  and  1905 
while  the  larger,  east,  rock  ledge  was  a  little  longer  and  higher  in  1908  than  in  1905.  The 
progressive  enlargement  of  the  rock  ledge  areas  between  1901  and  1905,  and  from  1905 
to  1908,  seems  to  indicate  slow,  though  uninterrupted  retreat  during  these  years;  but 
the  fact  that  no  ledges  were  visible  in  1901,  while  two  ledges  were  visible  in  1898  and 
1905  suggests  a  slight  advance  of  Shoup  Glacier  between  1898  and  1901.    Further  evi- 

1  In  H.  F.  Reid*s  Variations  of  Glaciers,  Joum.  GeoL.  Vol.  XIV.  1906,  p.  406;  Vol.  XVII,  1909.  p.  670. 
Grant,  U.  S.  and  Higgins  D.  F.,  Glaciers  of  the  Northern  Part  of  Prince  William  Sound,  Bull.  Amer.  Geog. 
Soc.,  Vol.  XLH,  1910,  pp.  726-727. 


C52 


ALASKAN  GLACIER  STUDIES 


dence  of  this  advance  is  found  in  a  comparison  of  the  western  margin  of  the  glacier  in 
the  photographs  taken  from  the  same  site  in  1808  and  1905.  The  latter,  by  Grants 
shows  the  ice  edge  a  short  distance  farther  west  than  in  the  1808  picture  by  Schrader. 
This  advance  is  also  proved  by  other  obser\'ations  made  in  1909,  described  below.  Un- 
fortunately  Schrader's  photograph  does  not  extend  far  enough  for  us  to  compare  the 
eastern  margin  of  Shoup  Glacier  in  1898  and  1905.  A  comparison  of  Grant's  1005, 1906 
and  1909  photographs  of  the  two  margins  shows  little,  if  any,  retreat  of  the  two  edges. 

Observations  by  the  yaiional  Geographic  Society*s  Expeditions.  The  National  Geo- 
graphic Society's  expeditions  spent  August  19  and  20, 1909,  and  part  of  September  6» 
1910,  in  a  stud^'  of  the  Shoup  Glacier,  examinations  being  made  of  the  eastern  margin, 
the  center  of  the  ice  front,  and  the  southn^'est  margin  for  some  distance  back  from  the 
glacier  front.  Photographs  were  taken  from  the  site  occupied  by  Schrader  and  Grant 
(Photo.  Station  A).  The  changes  since  Grant's  last  observations  have  been  ini^pre* 
ciable.  The  topographic  map  reproduced  as  Fig.  24  was  made  in  1909  and  bench  marks 
were  established  on  Photo.  Station  A  and  also  on  a  point  on  the  hillside  to  the  west 
(Station  C)  from  which  transit  readings  were  made  as  shown  in  Fig.  25.  It  is  hoped 
that  future  observers  may  repeat  the  transit  readings  from  these  stations. 

Transit  Readings.  Transit  readings  from  Stations  A  and  C,  Shoup  Gladerp  August 
20^  1900.  Station  A  is  an  X  on  a  rock  on  top  of  the  first  prominent  spur  south  of  the 
glacier  on  west  side  of  Shoup  Inlet  at  an  elevation  of  100  feet. 

Readings 


Point  Sighted 

Ver.A 

Ver.B 

Angle  from 
A-C 

1.  Station  C 

180*  00' 

00°  00' 

2,  Most  easterly-  point  of  ice  front.    ^Same  as 

No.  3,  Sta.  C) 

148*  51' 

328-  51' 

81' 09' 

8.  Projecting  point  of  glacier  at  first  bend  back 

of  glacier  front  on  east  side  of  glacier  near 

* 

stream  outlet 

IS?"  48' 

337°  48' 

22*  12' 

4.  Southern  point  of  glacier  front  on  west  side. 

(Same  as  Xo.  ^,  Sta.  C) 

89"  10' 

«69'*  10' 

00"»50' 

5.  Most  western  point  of  glacier 

8S»56' 

263'*  56' 

96*04' 

Station  C  is  an  X  on  a  bowlder  located  on  the  east  side  of  Shoup  Inlet  at  an  devatxm 
of  130  feet  above  the  fiord,  and  on  the  first  large  spur  south  of  the  glacier  front  dose  up 
to  the  edge  of  the  thick  alder. 

Readings 


Point  Sighted 


1.  Station  A 

^.  Southern  point  of  glacier  on  west  side 

8.  Most  easteriy  point  of  ice  front  visible  from 

su.  c 


Ver,  A 

1 

Ver.  B 

1 

Angltfrom 
A-C 

GO"  00' 

180''  00' 

41"  53' 

221*53' 

41*  5S' 

71"  52' 

251*  ia* 

71*  W 
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Former  Expansion.  There  is  proof  of  former  expansion  of  Shoup  Glacier  from  striae» 
roches  moutonndes,  etc. ;  but  so  far  as  we  have  evidence,  the  recent  history  has  been  one  of 
retreat,  with  the  exception  of  the  slight  advance  mentioned  above.  Without  knowledge 
of  this  recent  forward  swing,  the  fact  of  the  advance  was  established  in  1909  by  the  dis- 
covery of  a  recent  moraine  along  the  southwestern  margin  of  the  glacier.  For  the  first 
half  mile  back  from  the  shore,  there  was  a  minute  morainic  ridge  winding  up  and  down 
the  hillside.  It  was  from  five  to  twenty  feet  from  the  glacier  margin  and  was  made 
up  of  angular  fragments  left  by  the  receding  glacier.  There  was  wood  in  the  debris  and 
the  stones  at  the  edge  lay  upon  dead  shrubs  whose  neighbors  were  still  growing.  In 
some  places  there  was  a  depression  between  the  moraine  and  the  glacier.  Evidently  a 
slight  advance  had  interrupted  the  recession  and  the  width  of  the  barren  zone  indi- 
cated the  amount  of  retreat  since  this  recent  advance. 

During  the  more  expanded  ancient  condition  of  the  glacier,  a  group  of  barren  rock 
liills  farther  north  had  been  scraped  clean  of  all  soil  and  eroded  into  a  series  of  roches 
moutonn6es  forms  and  rock  basins,  several  of  which  contained  lakes.  The  ice  had  re- 
treated from  these  barren  hills  not  long  before  the  slight  advance  alluded  to,  but  vegeta* 
tion  was  finding  a  foothold  slowly.  Across  this  group  of  barren  hills  the  small  recent 
moraine  extended  in  a  sinuous  course,  and  between  it  and  the  ice  there  was  as  yet  almost 
no  vegetation.  Beyond  these  rock  hills  the  area  of  recent  overriding  could  be  traced 
for  several  miles  by  the  narrow  barren  ssone  between  the  little  moraine  and  the  glacier. 

Evidence  of  the  amount  of  time  that  has  elapsed  since  the  earlier,  much  more  expanded 
position  of  Shoup  Glacier  is  found  in  the  distribution  of  forest  on  the  neighboring  hills. 
Willow,  alder  and  cottonwood,  mature,  but  perhaps  not  more  than  twenty  or  thirty 
years  old,  grow  almost  up  to  the  very  edge  of  the  glacier.  Scattered  spruces  are  found 
within  a  mile  or  so  of  the  glacier,  but  there  is  no  mature  coniferous  forest  at  the  ice  f ront» 
as  in  the  case  of  Columbia  Glacier.  Outside  Shoup  Bay,  near  sea  level,  scattered  spruce 
extends  up  Valdez  Fiord  as  far  as  Valdez,  but  higher  on  the  mountain  slopes  none  is 
found  beyond  the  entrance  of  Shoup  Bay.  There  is  more  spruce  on  the  south  than  on 
north  side  of  Port  Valdez,  and  on  the  west  than  on  the  east  side  of  Shoup  Bay. 

During  the  maximum  of  glaciation,  when  the  extended  Shoup  Glacier  received  a  trib- 
utary from  Canyon  Creek,  the  main  Shoup  ice  stream  over-deepened  its  valley  so  much 
that  it  left  Canyon  Creek  hanging  1000  feet,  though  its  erosion  did  not  extend  so  far 
as  to  remove  the  ledges  beneath  the  ice  fall  where  the  glacier  front  now  rests;  nor  did 
it  succeed  in  completely  erasing  the  three,  alternating,  truncated  spurs  that  project  into 
the  bay.  When  Shoup  Glacier  was  tributary  to  the  main  Port  Valdez  Glacier,  however, 
that  larger  ice  tongue  deeply  eroded  the  main  fiord,  leaving  the  Shoup  valley  itself  hang- 
ing 480  feet.  This  discordance,  masked  by  the  waters  of  the  bay,  is  clearly  shown  in 
Fig.  26  where  the  greatest  depth  inside  Shoup  Bay  is  seen  to  be  45  fathoms,  while  the 
depth  outside,  in  Port  Valdez,  115  to  142  fathoms.  There  is  a  striking  contrast  between 
this  submerged,  hanging  Shoup  Glacier  valley,  the  largest  tributary  of  the  great  glacier 
that  formerly  extended  down  Port  Valdez  from  the  Valdez  Glacier  and  Lowe  River 
valleys,  and  the  visibly  hanging  valleys  of  the  smaller  glacier  tributaries,  whose  posi- 
tions are  indicated  in  Figure  26  by  the  letter  h.  In  the  mouth  of  each  of  these  hanging 
valleys  a  steep-sided,  post-glacial  gorge  has  been  cut,  or  a  foaming  waterfall  descends, 
as  from  Canyon  Creek.  The  different  levels  of  the  hanging  valleys,  and  the  highly  perched 
Canyon  Creek  valley,  hanging  with  reference  to  Shoup  Bay,  as  that  hangs  with  refer- 
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ence  to  Fort  Valdez  Fiord,  testify  to  differential  ice  erosion.  Tlie  hei^ta  at  wfai<di  the 
valleys  hsng  are  rou^y  proportional  to  the  size  of  the  glaciers  which  occupied  them 
and  to  the  power  of  the  glaciers  whose  erosion  left  them  hanging. 

Just  after  becoming  detached  from  the  Fort  Valdez  Glacier,  Shoup  Glacier  seems  to 
have  halted  at  the  mouth  of  its  bay,  and  to  have  spread  out  in  a  small  piedmont  bulb 
long  enough  to  buUd  a  submarine  deposit  at  the  lip  of  its  han^g  valley;  for  here  the 


FlO.  28.   SUBUARINB  CONTOUBS  OT   PoBT  V*I«B1. 

After  U.  S.  Cout  and  Geodetic  SurT«7.     SonndingB   m  fathouu.      Ccmtoui 
Hangiiig  vaUqr*  ■hown  hy  \he  letter  b. 


iDterval  100  feet. 


water  now  decreases  in  depth  from  forty-five  fathoms  within  the  bay  to  one  or  two  fathoms 
just  outside  of  it.  This  shoal  at  the  bay  mouth,  and  the  sandspit  upon  it  could  hardly 
have  been  built  in  water  45  to  68  fathoms  deep  had  not  a  morainic  foundation  been 
provided;  and  it  is  noteworthy  that  the  deposit  is  just  so  located,  and  of  just  such  shape, 
as  a  bulb  glacier  would  build  up  here.  After  this  period  of  halting  Shoup  Glacier  seems 
to  have  retreated  fairly  steadily. 


//PTK^^fti^^i::^: 
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FlO.    47.      NATtTKAL  SCAL«    CeOBB-SsCTION  OF  ToRT  VaISC*. 

GiAciATioN  OP  Valdez  Fiord 

It  is  evident  that  the  entire  Valdez  Fiord  has  been  at  a  former  period  deeply  filled  with 
a  great  glacier,  tributary  to  the  Prince  William  Soimd  glacier.  We  made  no  determina- 
tions of  the  exact  height  to  which  this  glacier  extended,  but  Grant  and  Higi^ns'  estimate 
the  height  reached  on  the  south  side  of  Fort  Valdez  as  about  3200  feet. 

Aa  already  stated,  there  are  several  visible  hanging  valleys  on  either  side  of  the  Port 

'Glut,  U.  S.  Biid  HigBina.  D.  F.,  Bull.  443,  U.  S.  Gcol.  SuTTejr,  1010,  p.  19. 


VALDEZ  AND  SHOUP  GIACIEBS 


!U>5 


Valdez  Fiord,  which  testify  to  great  gladal  over-deepening  of  the  main  fiord.  The  detailed 
topographic  map  made  by  the  U.  S.  Geological  Survey  in  I91I  and  the  soundings 
in  Fort  Valdez  by  the  U.  S.  Coast  and  Geodetic  Survey,'  from  which  Fig.  26  has  been 
made,  show  a  number  of  features  diaracteristic  ot  a  trough  widened  and  deepened  by 
glacial  erosion.  Above  sea  level  the  steepened  lower  slopes  and  the  absence  of  spun  show 
the  work  <rf  the  former  expanded  ice  tongue.  Below  sea  level  the  trough  characteristic 
of  the  fiord,  a  fiat-bottomed,  U-shi4>ed  form  (Fig.  27),  is  exactly  that  of  ice-eroded 


Fia.  tS.    Sdbkaiune  Contodiis  or  Valdei  Arh. 
AFter  U.  5.  Coast  uid  Geodetic  Survey.     Souudin. 
2A0  feet,  and  below  a< 

valleys  on  the  land.  There  are  no  known,  uneroded  lateral  spurs  below  sea  level. 
There  are  several  submerged  hanging  valleys  besides  Shoup  Bay,  Sawmill  Bay  hang- 
ing 1150  feet  (Fig.  28)  and  Galena  Bay,  north  of  Ellamar,  600  feet. 

In  the  narrowest  part  of  Valdez  Narrows  the  fiord  walls  below  sea  level  have  slopes 
of  2500  feet  to  the  mile,  and  even  more  in  places.    Here,  where  the  ice  stream  was  most 

I  CbarU  Sf  10  and  8521,  U.  S.  Cout  &nd  Geod.  Survey. 
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Sholp  Glacier 
A  glacior  trout  ot  only  mciilcriilf  hcigiit,  but  one  braide  which  the  n 
ii-nl'-n  li-iks  puny.     PhulO((raph,  August  80,  1 


A.     f'Hovr  ni-  Valdei  Glacier 
Pbotognph  by  P.  S.  lliml.  rrom  Station  t-  lUg,  ii>,  iimt  it,  1S09. 


PlATE  XCIX— Continued 


FHaoramic  with  left-hand  picture. 


Panoronuc  with  lett-haod  picti 


The  Lower  Portion  op  Columbia  Guher 
Shoning  the  City  of  Washington,  plotted  on  the  same  scale. 


WEBtERN  Mahoin  or  Colombia  Gu 
Encruaching  upon  tlie  forest.     August  H 
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A.    Fnos'T  OF  Columbia  Glacier  i 
On  islet  uortli  of  Heather  Island.     Photograph  by  G.  K.  Gilbert,  from  Station  D  <Map  6;. 


le  also  Plates  CVH 


B.    JtmBLE  or  Forest  Debris 
In  front  of  the  advancing  Columbia  Glacier  od  the  bict  north  of  Heather  Island,  June,  1910. 


A,     Front  of  Columbia  Gi^ciEa  in  1905 
On  ialet  north  of  Heather  Island.     Photograph  by  Grant  ajid  Fajge,  July  10,  1905,  from  Station  D. 


B.    Front  op  Columbia  Glacier  is  1908 

On  islet  Dorth  of  Heutlier  Island.     Photograph  by  Grant,  July  15,  1908,  from  same  site  as  upper  view.    See  also 

Plates  CVI,  A,  and  CVIII. 


A.     Front  of  ('<h.i:mbia  Gl.kieh,  Jcxe  ii.  1909 
Oil  i-.lct  north  <if  ITpathcr  Island.     Pliol<ignii>li  by  Grant  and  IliKgins,  frum  >itati<ia  D. 


B.    Fhont  of  Coi.lmdh  Glacier,  Aiol-st,  1909 
On  tsk-l  iiurtli  of  HcatlKT  Islaad.    Phot-jgraph  fnini  a  p:iint  closu  tci  Station  U.    Sec  also  Plalea  CVI,  A,  and  CVII. 


A,       CoLITUBIA    Gl^CIKR 

Advancing  and  pushing  up  a  terminal  moraine,  July  0,  1910. 


B.      COLL'MBIA   GUCIER 

Ad^'ancing  and  pushing  tip  a  moniinc'and  overriding  furest  on  Islet  north  of  Heather  Island.  July  0.  1910. 
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n  August  33,  1909,  June  0,  tSlO,  and  September  5,  1910.    Ad^'allce  ia  rapidly  narrowing  the  lagoun. 
P'rom  Photo  SUtion  N  (Fig.  3t). 


A.    Tehuinal  Moraine  with  Knobs  and  Kettleb 
D  margin  uf  Columbia  Glacier.     Photograph  by  U.  S.  Grant,  June  M.  1909,  from  Station  B  (Map  6). 


''     B.     Meares  Glacier  and  Mount  Grcmvgnor 
At  the  bead  of  I'nakwik  Inlet.     From  Photo  Station  C  (Hg.  37),  July  IS,  1910. 


CHAPTER  XIV 

THE  COLUMBIA  GLACIER 

Location  and  General  Relaiionehips.  Glacier  Island,  which  forms  the  western  border 
of  the  entrance  to  Valdez  Arm,  lies  directly  in  front  of  Columbia  and  Long  Bays  on  the 
north  shore  of  Prince  William  Sound.  Columbia  Bay  is  about  three  and  a  half  miles 
wide  at  the  entrance,  but  broadens  to  five  miles  inside,  and  contains  Heather  Island  and 
several  islets.  At  the  head  of  the  bay,  five  miles  from  the  entrance,  is  the  Columbia 
Glacier.  In  outer  Columbia  Bay  the  water  is  between  nine  himdred  and  a  thousand  feet 
deep,  decreasing  to  six  hundred  feet  near  the  glacier.  The  adjacent  mountains  rise  from 
2500  to  5000  feet.    Columbia  Bay  is  a  broader  and  less  imposing  fiord  than  Port  Valdez. 

Eocplorations.  The  Columbia  Glacier,  which  has  also  been  called  Live,  Root,  and 
Fremantle  Glacier,  was  seen  from  the  mouth  of  the  bay  and  indicated  rou^y  upon  a 
map  by  Whidbey  in  1794,*  Applegate  in  1887,«  Mahlo  in  1898*  and  Schrader  in  1900.* 
Whidbey's  map  suggests  that  the  glacier  ended  a  short  distance  north  of  Heather 
Island  in  1794  but  does  not  distinguish  the  glacier  from  the  land.  Applegate's  map  rep- 
resents the  ice  front  in  about  the  same  position  with  respect  to  Heather  Island.  Mahlo's 
map  does  not  show  Heather  Island.  Schrader's  map  shows  a  small  island,  but  like  the 
other  three  does  not  represent  the  ice  front  with  sufficient  accuracy  for  comparison  as 
to  glacier  movements.  The  only  fact  indicated  by  these  maps  is  that  the  glacier  was  not 
strikingly  different  in  the  years  of  observation  between  1794  and  1900. 

Vancouver  *  tells  of  the  conditions  in  1794,  when  Whidbey  saw  Columbia  Glacier  from 
near  the  mouth  of  Long  Bay,  east  of  which  was  "another  bay  of  rather  large  dimensions, 
with  an  island  in  its  northeast  comer  .  .  .  terminated  by  solid  body  of  compact 
elevated  ice,  similar  to  that  which  has  been  before  described  .  .  .  ;  as  they  passed 
the  eastern  bay  they  again  heard  the  thunder-like  noise,  and  found  that  it  had  been  pro- 
duced by  the  failing  of  the  large  pieces  of  ice  that  appeared  to  have  been  very  recently 
separated  from  the  mass  extending  in  vast  abundance  across  the  passage  ...  in- 
somuch that  it  was  with  great  difficulty  the  boats  could  effect  a  passage. " 

»  Vancouver,  Capt.  George,  A  Voyage  of  Discovery  to  the  North  Pacific  Ocean  and  Round  the  World,  1790- 
1795,  Vol.  V,  London,  1801,  pp.  SlO-17. 

>  See  map  entitled  Glaciers  No.  XI,  in  Davidson's  The  Glaciers  of  Alaska  that  are  Shown  on  Russian  Charts 
or  Mentioned  in  Older  Narratives,  Trans,  and  Proc  Greog.  Soc.,  Pacific,  Vol.  Ill,  1904. 

>  Map  in  pocket  in  book  entitled  Reports  of  Explorations  in  the  Territory  of  Alaska,  War  Dept.,  Adj.-Gen. 
0£Bice,  No.  XXV,  Washington,  1899;  Map  No.  8  in  Maps  and  Descriptions  of  Routes  of  Exploration  in  Alaska 
in  1898,  special  publication  of  U.  S.  Geol.  Survey,  1899;  Map  No.  19,  in  Twentieth  Ann.  Rept.,  U.  S.  .GeoL 
Survey,  1900,  Part  VII. 

<  Plate  III  in  The  Geology  and  Mineral  Resources  of  a  Portion  of  the  Copper  River  District,  Alaska,  House 
Doc.  546, 56th  Congress,  2nd  Session,  Washington,  1901. 

One  or  another  of  these  sketches  of  Columbia  Glacier  is  also  followed  in  U.  S.  Coast  and  Geod.  Surv^, 
Charts  8502  and  8519  and  in  PI.  I,  Bull.  S27,  U.  S.  Geol.  Survey,  1907. 

*  Op.  dt.,  pp.  316-317. 
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Fio.  £0.    Gilbert's  Map  or  Coixwbia  Gucnca  in  1800. 
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As  stated  in  the  preceding  chapter  Petroff's  account,^  thought  to  be  from  observa- 
tions by  some  of  the  Russians  and  describing  a  great  ice  front  in  Port  Valdez,  may  refer 
to  the  Columbia  instead  of  the  Valdez  Glacier,  for  he  mentions  glacieis  in  Port  Wells 
and  Port  Fidalgo  but  none  in  Columbia  Bay. 

Columbia  Glacier  was  visited  in  1898  by  Capt.  A.  O.  Johansen  in  the  steamship  Dora 
and  a  sounding  of  50  fathoms  was  made  near  the  ice  front. 

In  1899  the  Harriman  Expedition  visited  Columbia  Bay  and  named  and  described 
the  glacier,*  Dr.  G.  K.  Gilbert  stayed  there  from  Jime  25  to  28,  studying  the  glacier, 
making  the  map  here  reproduced,  and  taking  a  number  of  photographs  which  have 
had  great  value  in  subsequent  studies.  His  is  the  first  and  best  scientific  description 
of  this  ice  tongue.'  He  foimd  evidence  of  an  advance  in  1892.  The  proofs  of  this,  and 
Gilbert's  description  of  conditions  in  1899,  will  be  referred  to  repeatedly  in  the  following 
pages. 

In  1902  the  steam^p  Bertha  went  within  SOO  yards  of  the  ice  front,  and  other  steam- 
ships have  visited  Columbia  Glacier  in  recent  years.^ 

In  1905  a  U.  S.  Geological  Survey  expedition  in  charge  of  Prof.  U.  S.  Grant  visited 
Columbia  Glacier,  and  photographs  were  taken  from  the  sites  of  some  of  Gilbert's  photo- 
graphs in  1899.  Other  photographs  were  taken  from  the  same  sites  by  Grant  and  Higgins 
in  1908  and  in  Jime»  1909,  when  the  glacier  was  studied  and  the  ice  front  mapped. 
The  full  report  upon  this  work  has  not  yet  been  published  *  but  the  abstracts  *  and  photo- 
graphs show  that  they  observed  a  continuation  of  retreat  here  between  1899  and  1905, 
a  slight  advance  between  1905  and  1908,  and  a  greater  advance  in  1908  and  1909. 

The  National  Geographic  Society's  expeditions  have  made  four  visits  to  Columbia 
Glacier,  August  21  to  25,  1909,  June  29  to  July  11,  1910,  September  5  to  6,  1910,  and 
June  21,  1911.  During  1909  and  1910  the  glacier  was  still  advancing,  as  evidenced  by 
the  deep  thundering  noise  of  the  straining  glacier,  as  well  as  by  the  lighter  crash  of  ice 
masses  sliding  down  the  terminus  and  by  changes  along  the  terminus  and  margins  of 
the  glacier.  We  took  photographs  from  several  of  the  stations  occupied  by  Gilbert, 
Curtis  (photographer  of  the  Harriman  Expedition)  and  Grant,  and  observed  a  marked 
continuation  of  the  advance  seen  by  Grant,  besides  making  soimdings  throughout  Co- 
lumbia Bay. 

Our  preliminary  descriptions  of  Columbia  Glacier  have  been  published  as  follows : ' 

Our  topographer,  Mr.  Lewis,  has  made  the  large  scale  contour  map  reproduced  as 

I  Petroff,  Ivan,  Tenth  Censuf  of  the  Umted  SUtes,  1880,  Vol.  Vm,  1884,  p.  87. 

•  Bunoughs,  John,  H«rriiiuui  AUaka  Expedition,  Vol.  1, 1901,  pp.  6(HI8. 

•  Gilbert*  G.  K.,  H«rrimAn  Alaska  Expedition,  Vol.  Ill,  Gladen  and  Gladation,  1904,  pp.  71-81. 
« Higginaon,  Ella,  Alaska,  The  Great  Countiy,  New  Yoric,  1008,  pp.  257-850. 

Greely,  A.  W.,  Handbook  of  Alaska,  New  Yoric,  1000,  pp.  150-158. 

•  Grant,  U.  S.,  Tidewater  Glaciers  of  Prince  William  Sound  and  Kenai  Peninsula,  Bull.  U.  S.  Geol.  Survey. 
(In  preparation.) 

•  In  H.  F.  Reid's  Variations  of  Glaciers,  Joum.  Geol.,  Vol.  XIV,  1006,  pp.  400-7;  Vol.  XVII,  1000.  p.  670. 
Grant,  U.  S.  and  Higgins,  D.  F.,  Gladers  of  the  Northern  Part  of  Prince  William  Sound,  Bull.  Amer.  Geog. 

Soc.,  Vol.  XLII,  1010,  pp.  787-785. 

'  Tarr,  R.  S.  and  Martin,  Lawrence;  National  Geographic  Society's  Aladcan  Expedition  of  1000,  Nat.  Geo^ 
Mag.,  Vol.  XXI,  1010,  pp.  0-10, 18, 80-88, 87, 58. 

Martin,  Lawrence;  The  National  Geographic  Society  Researdiet  in  Alaska,  Nat.  Geog.  Biag.,  Vol.  XXII» 
1011,  pp.  548-558;  Columbia  Glader,  Alaska's  Topical  Ice  Tongue,  American  Review  of  Reviews,  Vol.  XLIV» 
1011,  pp.  60-75;  Two  Gladen  in  Alada»  BuU.  Geol.  Soc.  Amer..  Vol.  9St,  1011,  p.  781. 
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M«p  6,  as  well  aa  two  seta  of  transit  readings  upon  the  ice  fnmt  from  ftatiooa  listed  be- 
low, which  are  readily  accessible  and  should  be  reviaited  in  yean  to  crate  to  d 
the  heavier  of  the  glacier,  whose  advance  from  1909  and  1910  is  shoirn  l^  Fig.  80.  b 
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Flo.  80.    THiANaiJUTioM  on  Pbokt  of  CouniBu  GuaxB  Saomira  Adtamoi  nov  1MB  lo  UIO. 

Upon  these  transit  readings.    Stations  B  and  C  are  close  to  the  plane  table 
occupied  by  Gilbert  in  1899,  and  are  each  within  a  few  feet  of  phot<%r^>hic 
and  I>  see  Map  6. 
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Transit  Readings.  Transit  readings  from  Stations  A»  B  and  C»  Columbia  Glacier, 
August  2d-£4»  1909,  and  July  5-11,  1910. 

Station  A  is  located  on  the  western  side  of  Columbia  Bay  on  a  rocky  spur  about  one- 
half  mile  south  of  the  glacier  front.  It  is  a  stake  driven  in  the  groimd  two  feet  east  of 
twin  trees,  both  of  which  are  blazed  on  the  east  side.  This  station  is  close  to  but  not  the 
same  as  photographic  station  6,  see  Map  6. 

Readings 


Point  Sighted 

Ver.A 

Ver.B 

Angle  from 
A-B 

1.  Station  B  (Heather  Island) 

1909      0°    0' 

180°    0' 

1910      0"    0' 

180°    0' 

2.  Point  on  Heather  Island  where  glader 

enters  timber 

1909  S«9°  02' 

149°  02' 

30°  58'  (C) 

1910  829*  62' 

149°  52' 

30°  08'  (C) 

3.  Projecting  point  of  glacier  about  half 

way  between  A  and  B. 

1909  824°  09' 

144°  09' 

85°  51'  (B) 

1910  826°  26' 

145°  26' 

34°  34'  (B) 

4.  Most  western  point  of  glacier  visible  from 

1909  242°  12' 

62°  12' 

117°  48'  (A) 

Heather  Island 

1910  2430  45' 

68°  45' 

116°  15'  (A) 

5.  Where  glacier  enters  forest  on  west  side 

1910  239°  47' 

59°  47' 

120°  13' 

6.  Point  where  glacier  turns  around  the 

west  spur 

1910  245°  44' 

65°  44' 

114°  16' 

Stat  io  B  is  on  the  highest  point  of  Heather  Island,  d57  feet  above  sea  level,  and  near 
the  western  side  of  the  islaijid.   It  is  a  stake  driven  in  the  ground  and  easily  to  be  found. 

Rradings 


Point  Sighted 

Ver.A 

Ver.B 

Angle  from 
A-B 

1 .  Station  A  (West  side  of  Columbia  Bay) 

1909 

0°    0' 

180°    0' 

1910 

0°    0' 

180°    0' 

2.  Most  western  point  of  glacier  visible. 

(Same  as  No.  4,  Sta.  A.) 

1909 

9°  26' 

189°  26' 

9°  26'  (A) 

1910 

9°  15' 

189°  15' 

9°  15'  (A) 

3.  Projecting  point  of  glacier  about  half  way 

1909 

26°  59' 

206°  59' 

26°  59'  (B) 

between  A  and  B.     (Same  as  No.  3, 

1910 

23°  00' 

203°  00' 

23°  00'  (B) 

Sta.  A.) 

4.  Point  on  Heather  Island  where  glacier 

1909 

61°  25' 

241°  25' 

61°  25'  (C) 

enters  timber.   (Same  as  No.  2,  Sta.  A.) 

1910 

65°  38' 

245°  88' 

66°  33'  (C) 

5.  Projecting  point  of  glacier  just  east  of 

1909 

81°  52' 

261°  52' 

81°  62'  (D) 

Heather  Island. 

1910 

82°  40' 

262°  40' 

82°  40' 

6.  Point  where  glacier  leaves  land  on  east 

1909 

82°  86' 

262°  86' 

82°  36'  (E) 

side 

1910 

88°  24' 

268°  24' 

88°  24'  (E) 
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Station  C.  elevation  1407  feet  above  tide»  at  timber  line  on  a  long  easi-irert  spur  east 
of  the  glacier,  is  a  stake  driven  into  a  joint  in  a  rock  ledge. 

Readikos 


Paint  Sighted 


Ver.A 


Ver.B 


Angle  from 
B-C 


1.  Station  B  (Heather  Island) 

2.  Point  of  glacier  just  east  of   Heather 

Island.    (Same  as  No.  5»  Sta.  B.) 

3.  Point  where  glacier  leaves  land  on  east 

side.     (Same  as  No.  6,  Sta.  B.) 

4.  Most  eastern  projection  of  glacier  toward 

inside  lake. 

5.  First  bend  in  glacier  north  of  No.  4. 

6.  Next  bend  in  glacier  north  of  No.  5. 

7.  Ekige  of  glacier  on  west  side  of  first  nuna- 

tak. 

8.  South  edge  of  glacier  on  east  side  of  sec- 

ond nunatak. 
0.  West  edge  of  glacier  near  the  north  end 

and  on  the  east  side  of  second  nunatak 

10.  Tongue  of  east  branch  of  glacier  north  of 

alluvial  fan. 


1000 
1010 
1000 
1010 
1000 
1010 
1000 
1010 
1000 
1010 
1000 
1010 
1000 
1010 
1000 
1010 
1000 
1010 
1010 


0**    0 

0**    0 

6**  36 

6**  58 

23''46 

23**  32 

102''44 

105'' 05 

05**  27 

06''52 

00''40 

101**  10 

03'' 24 

04'' 26 

118*  00 

118''  56 

124*36 

125*55 

110*  5^ 


180*  0' 
180*  O' 
186*36' 
186*  58' 
203*46' 
203*32' 
282*44' 
285*05' 
275*  27' 
276*  52' 
270*  40' 
281*10' 
273*24' 
274*  26' 
208*00' 
208*  56' 
304*36' 
305*55' 
200*56' 


6*86'(D) 
6*58'(D) 
23*  46'  (E) 
23*  32'  (E) 
102*  44'  (P) 
105*  05'  (F) 
05*  27'  (G) 
06*  52'  (G) 
00*  40'  (Ga) 
101*  10'  (Ga) 
03*24'(H) 
04*26'(H) 
118*  OO'  (I) 
118*  56'  (D 
124*  86'  (J) 
125*55' 
110*  56' 


The  points  located  by  these  two  sets  of  transit  readings  when  plotted  (Fig.  30)  shoiw 
the  advance  of  the  glacier  during  ten  months  from  1000  to  1010. 

General  Features  af  Columbia  Olacier.  This  giant  among  the  glaciers  of  Prince  William 
Sound  has  its  source  upon  the  southern  slopes  of  the  Chugach  Mountains.  Its  length  is 
not  known»  only  the  southern  fifteen  miles  having  been  seen  by  white  men.  It  rises  near 
the  base  of  Florence  Peak^  which  is  11»100  feet  high  (Fl.  XCHI)  and  is  the  highest 
point  in  the  Chugach  Mountains.  It  is  possible  that  the  length  of  Columbia  Glacier  is 
twenty-five  miles  or  more  and  that  it  heads  upon  snowfield  passes  whence  it  is  continaed 
as  a  through  glacier  with  the  Valdez  and  Shoup  Glaciers  of  Port  Valdez  to  the  east 
and  the  Tazlina  Glacier  of  the  Copper  River  drainage  to  the  north.  The  lower  part  of 
the  glacier  varies  in  width  from  three  to  four  miles»  and  the  lower  valley  walls  rise  2500 
to  3200  feet. 

The  ice  stream  flows  southwestward  from  its  unknown  source,  and  about  nine  miles 
from  the  sea  turns  abruptly  southward.  At  the  turn  there  is  a  3664  foot  peak»  east  of 
which  the  glacier  sends  a  distributary  southward  for  three  and  a  half  mileB.  This  is  one 
to  two  miles  wide  and  at  its  terminus  nearly,  if  not  quite,  coalesces  with  the  main  i^acier^ 

>  Named  by  the  junior  author  of  this  book  in  1910  for  hii  wife. 
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making  the  bill  a  nunatak.  At  least  one  great  south-flowing  tributary  enters  the  main 
glacier  above  this  distributary,  and  there  may  be  two  other  north  or  northwest  tribu- 
taries. The  west  side  has  two  pronounced  embayments»  the  northernmost  of  which  may 
contain  a  tributary  glacier  while  the  southern  seems  from  one  point  of  view  to  be  simply 
a  lateral  valley  into  the  mouth  of  which  the  Columbia  Glacier  margin  has  bulged  west- 
ward. 

The  broad  lower  portion  of  Columbia  Glacier  is  one  of  the  largest  and  most  beautiful 
in  Alaska,  terminating  in  a  superb  ice  cliff  from  which  icebergs  are  continually  being  dis- 
charged. The  order  of  magnitude  of  this  ice  tongue  may  be  seen  by  examining  PI.  CI 
in  which  the  whole  city  of  Washington,  D.  C,  has  been  drawn  carefully  to  scale  upon  the 
surface  of  Columbia  Glacier.  One  who  has  walked  much  in  Washington  can  appreciate 
the  magnitude  of  a  surface  of  snowy-white,  severely-crevassed  ice  twice  as  wide  as  from 
the  Capitol  to  the  White  House  and  with  a  terminal  ice  cascade  nearly  as  long  as  from 
the  Navy  Yard  to  the  Naval  Observatory,  and  varying  in  height  from  100  to  250  feet. 

There  are  medial  moraines  near  each  side  of  the  lower  glacier  and  a  broad  lateral 
moraine  along  the  eastern  margin,  which  is  lobate  and  determined  in  position  by  several 
rock  hills  500  to  1200  feet  high.  The  distributary  east  of  the  nunatak  is  fronted  by  a 
low  rock  ridge  and  has  its  terminus  covered  with  ablation  moraine.  The  west  lateral 
moraine  of  this  distributary  swings  out  into  the  ice  tongue  and  becomes  medial  in  the 
upper  main  glacier.  The  glacier  is  moving  rapidly  and  is  severely  crevassed  from  side 
to  side,  though  less  broken  within  the  area  of  lateral  moraines. 

For  purposes  of  description  Columbia  Glacier  may  be  divided  into  (a)  the  main  glacier 
surface,  (b)  the  lobate  eastern  margin,  (c)  the  eastern  ice  cliff,  (d)  the  Heather  Island 
terminus,  (e)  the  main  ice  diff,  and  (f)  the  western  margin.  These  will  be  described 
in  inverse  order. 

The  Western  Margin.  Gilbert  observed  in  1899  ^  that  ''at  the  western  margin  of  the 
main  ice  cliff,  where  the  glacier  crowded  against  a  steep  slope,  there  was  a  belt  of  bare 
rock,  from  200  to  300  feet  broad,  between  the  ice  and  the  forest.  **  A  photograph  taken 
by  him  from  a  rocky  point  about  half  a  mile  south  of  the  western  edge  of  the  glacier  front 
shows  the  conditions  in  1899  and  ten  years  later  the  National  Geographic  Society's 
expedition  was  able  to  reoccupy  this  exact  site  (G.  Fig.  81),  as  Grant  had  done  earlier 
in  the  same  year.  Our  1909  photograph  is  reproduced  with  that  of  Gilbert  in  PI.  CII  and 
shows  the  precise  change  that  had  taken  place  in  the  ten  year  interval.  There  was  con- 
siderable lateral  spreading  and  thickening,  for,  as  the  glacier  advanced,  it  had  broadened 
so  that  the  ice  margin  had  pushed  forward  two  or  three  hundred  feet  and  once  more 
reached  the  forest,  into  which  it  had  not  yet  advanced  very  far  on  August  23,  1909. 
This  is  shown  by  the  presence,  in  both  pictures,  of  the  same  distinctive  lone  tree  and  the 
adjacent  trees  at  the  top  of  the  hill  between  the  ice  edge  and  the  forest.  The  glacier 
had  thickened  one  hundred  and  fifty  feet  or  thereabouts.  The  lateral  spreading  may 
have  been  more  than  200  feet,  for  the  glacier  surely  continued  to  recede  between  1899 
and  the  time  when  the  1909  advance  began  and  it  must,  therefore,  have  readvanced  this 
distance  in  addition  to  the  200  feet. 

On  July  5, 1910,  the  junior  author  found  that  this  lateral  spread  had  continued,  cover- 
ing the  site  of  a  marginal  stream  near  the  glacier  terminus  and  crowding  still  farther 
westward  into  the  forest.    The  amount  of  spread  in  the  ten  month  interval  was  about 

» Gflbcrt.  G.  K.,  Htfiinuui  Aladn  Expedition,  Vol.  HI.  Oaden  and  GlaciAtioii.  lMH,pp.  76-77. 
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170  feet,  trees  being  overturned  and  rocks  overridden  by  the  spreading  ice.  There  wa^ 
more  wood  than  dirt  and  stone  in  the  marginal  debris  heaped  up  by  the  spreading  ice 
as  it  advanced  into  the  forest.  From  Gilbert's  photographic  site  on  the  rocky  point  to 
the  south  (G.  Map  6)  the  evidence  of  the  spreading  was  clearly  seen  and  it  was  also  plain 
that  thickening  had  continued  from  1909  to  1910,  the  amount  being  estimated  as  at 
least  50  to  75  feet. 

Besides  this  spreading  there  was  forward  movement  at  the  western  margin  from  1899 
to  1910,  for  Gilbert  says  that  in  1899  the  belt  of  bare  rock  between  the  western  margin 
of  the  glacier  and  the  forest  ''was  strewn  with  fragments  not  only  of  rock  but  also  of 
wood,  and  trees  were  freshly  overthrown  at  the  margin  of  the  forest.  At  the  time 
of  its  attack  on  the  forest  the  ice  must  have  been  100  feet  deeper  than  in  the  summer  of 
1899,  and  it  abo  extended  farther  southward,  as  shown  by  a  push  moraine  of  rock  at 
the  water  margin,  800  feet  from  the  ice  front.  A  second  push  moraine,  less  massive  than 
the  first,  lay  within  it,  being  160  feet  from  it  at  the  water  margin  and  elsewhere  nearer 
to  it  than  to  the  ice. "  He  shows  later,  by  the  evidence  of  vegetation  within  this  push- 
moraine  along  another  part  of  the  glacier,  that  this  earlier  advance  had  not  taken  place 
more  recently  than  1892  and  perhaps  in  that  year. 

In  June,  1909,  Grant  and  Higgins  found  that  the  western  margin  had  spread  laterally 
far  enough  to  encroach  upon  the  forest  and  had  advanced  southward  a  distance  esti- 
mated as  about  500  feet  beyond  the  position  in  1899.^  This  advance  had  taken  place 
mainly  since  Grant's  earlier  visit  in  July,  1908. 

In  August,  1909,  we  found  that  the  western  margin  of  the  glacier  had  not  only  moved 
forward  the  eight  hundred  feet  from  the  1899  terminus  to  the  outer  push  moraine,  but 
that  the  front  had  also  moved  forward  approximately  four  hundred  feet  more.  The 
advance  had  without  doubt  been  even  more  than  the  twelve  hundred  feet  from  the  1899 
to  the  1909  terminus,  for  the  glacier  surely  continued  to  retreat  between  1899  and  the 
period  between  1905  and  1908,  when  the  present  advance  began,  judging  by  its  behavior 
on  Heather  Island  during  this  period.  We  cannot  determine  how  much  this  recession 
amotmted  to,  but  whatever  it  was  must  be  added  to  the  1200  feet  of  net  advance  be- 
tween 1899  and  1909.  If  Grant's  estimate  of  the  position  in  Jtme,  1909,  is  correct,  the 
advance  between  June  and  August,  1909,  was  about  700  feet. 

In  overriding  the  barren  area  strewn  with  rock  and  wood  on  the  western  margin,  the 
two  push  moraines,  mentioned  by  Gilbert,  had  been  destroyed  but  a  new  push  moraine 
had  been  formed  in  1909,  rising  ten  or  fifteen  feet  above  a  beach  where  there  was  no 
such  feature  ten  years  before.  It  was  made  up  of  beach  rubble  and  ilie  ice  was  still  in 
active  contact  with  it  on  August  23,  although  the  moraine  was  not  visibly  shoved  while 
we  were  upon  it.  Above  it  rose  the  debris-stained,  crevasse-riven  ice  cliff,  from  whose 
slope  large  blocks  of  ice  had  recently  fallen  upon  the  surface  of  the  push  moraine.  The 
surface  of  this  moraine  was  five  or  six  feet  wide  and  nearly  flat-topped.  It  had  a  steep 
outer  slope  upon  which  several  young  spruces  were  still  growing,  having  been  tilted  from 
a  vertical  position  to  an  angle  of  forty-five  degrees  (PL  XCVII,  B),  and  in  some  cases 
even  to  a  horizontal  position,  by  the  glacier  pushing  up  the  ground  in  which  they  grew. 

The  push  moraine  disappeared  a  few  hundred  feet  back  from  the  beach  where  the  gla- 
cier was  actively  advancing  into  the  forest  along  the  western  margin.    Here  we  found  a 

t  Grant,  U.  S.  and  Higgins,  D.  F.,  Gladera  of  the  Northern  Part  of  Prince  William  Sound,  Bull.  Amer.  Geog. 
Soc.,  Vol.  XLII,  1910.  p.  729. 
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jagged  cliff,  with  ice  dark  from  included  rock  fragments,  in  immediate  contact  with  the 
steep  mountain  slope  and  the  trees  growing  upon  it.  The  trees  were  being  uprooted  and 
overturned  by  the  advancing  glacier  (PL  CIII)  and  their  dead  trunks  were  inclined  at 
various  angles.  The  trees  not  yet  attacked  were  growing  undisturbed,  several  of  them 
beneath  the  very  shadow  of  the  overiianging  ice  cliff.  The  only  attack  upon  the  trees  not 
yet  reached  by  the  ice  itself  was  being  made  by  the  glacial  stream  which  flowed  along  the 
ice  margin.  This  stream  had  been  forced  westward  into  the  forest  and  for  some  distance 
was  flowing  among  the  tree  trunks,  not  having  yet  eroded  sufficiently,  or,  at  the  base  of 
the  slope,  deposited  enough  gravel  to  overturn  or  kill  more  than  a  very  few  of  them. 

On  July  5,  1910,  when  the  junior  author  revisited  the  western  margin  of  Columbia 
Glacier,  he  foimd  that  the  ice  had  not  only  spread  and  thickened  since  1909  but  had 
continued  to  advance  southward  during  the  ten  months  since  his  last  visit.  The  amount 
of  forward  movement  was  about  340  feet  and  the  terminus  of  the  glacier  was  within 
240  feet  of  the  nearest  rock  ledges  on  the  first  promontory  to  the  south,  from  which 
future  measurements  might  conveniently  be  made,  or  from  the  bench  mark  near  Station 
G  (Map  6),  still  farther  south. 

The  advance  had  taken  the  ice  front  over  half  way  across  the  beach  nearest  the  glacier 
and  the  marginal  stream  which  emerged  on  the  beach  at  the  ice  front  in  1909  was  gone, 
the  water  evidently  escaping  beneath  the  ice.  The  substantial  push  moraine  of  August, 
1909,  had  also  been  destroyed  by  the  advance  and  there  was  not  as  large  an  accumulation 
at  the  margin  of  the  glacier.  The  ice  was  broken  and  splintered  and  upper  portions  were 
being  thrust-faulted  forward  over  the  basal  ice.  In  some  cases  trees  were  being  pushed 
down  by  these  upper  ice  splinters  before  the  base  of  the  ice  cliff  reached  their  roots. 

Between  July  and  September,  1910,  this  western  margin  of  the  glacier  seemed  from 
Heather  Island  to  have  advanced  less  than  120  feet.  Between  the  latter  date  and  June, 
1911,  the  advance  continued  but  as  we  saw  the  glacier  only  from  the  steamer,  near  the 
southern  end  of  Heather  Island,  we  cannot  say  how  much  except  that  it  was  less  than 
100  feet. 

To  summarize,  the  western  margin  of  Columbia  Glacier  has  had  the  following  oscil- 
lations, the  net  advance  from  before  1909  to  1911  being  at  least  1700  feet.  It  is  possible, 
in  view  of  minor  oscillations  in  midglacier  that  there  were  several  short  periods  of  re- 
treat not  mentioned  in  this  table,  and  that  the  total  advance  was  even  greater. 


Date  of  Change 

Nature  of 
Change 

Amount 

Observer 

1892  to  July  25-27, 1899 

Retreat^ 

800  feet 

Gilbert 

1899  (July  25-27)  to  unknown  date 

Retreat 

Not  measured 

Unknown  date  to  June  24, 1909 

Advance 

500  +  feet* 

Grant  and 
Higgins 

1909  (June  24)  to  Aug.  23, 1909 

Advance 

700  feet 

Tarr  and 
Martin 

1909  (Aug.  23)  to  July  5, 1910 

Advance 

340  feet 

Martin 

1910  (July  5)  to  Sept,  5, 1910 

Advance 

100-120  feet 

Martin 

1910  (Sept.  5)  to  June  21, 1911 

Advance 

Less  than  100 

Tarr  and 

feet 

Martin 

» Perhaps  interrupted  by  minor  advance  about  1807  or  1898. 
*  Pluf  unmeasured  retreat  above. 


tM 


ALASKAN  GLACIER  STUDIES 


The  Main  Ice  Cliff.  The  main  ice  cliflF  of  Columbia  Glacier,  between  the  west  shore  and 
Heather  Island,  has  a  width  of  a  little  over  two  and  a  half  miles.  It  is  somewhat  less  im- 
pressive than  the  Hubbard  Glacier  clifiF  in  Yakutat  Bay,  being  shorter,  less  active,  and 
with  less  imposing  mountains  behind.  It  is,  however,  a  beautiful,  pinnacled  (PI.  CV)  and 
crevassed,  snowy  white,  sinuous  precipice  of  ice,  rising  vertically  between  100  and  250 
feet  above  the  water,  and  in  a  less  precipitous  cascade  to  500  feet.  Its  height,  sweep 
and  beauty  may  be  inferred  from  PI.  CIV  where  the  dimensions  of  the  ocean  steamship 
m  the  foreground  give  a  scale  for  visualizing  this  magnificent  ice  cliff.  It  descends  to  an 
unknown  depth  below  sea  level,  the  nearest  sounding  being  600  feet,  though  the  water 
may  be  a  little  deeper  at  other  points.  For  various  reasons,  notably  the  sloping  front 
of  the  ice  cliff,  the  absence  of  large  icebergs,  and  the  shallowness  of  the  water,  we  are 
convinced  that  the  glacier  front  is  not  afloat.  If  it  were,  the  water  would  need  to  be  at 
least  1500  feet  deep. 

In  1899  Gilbert  stated^ 
that  '*  at  the  western  mar- 
gin of  its  principal  tidal 
cliff  the  glacier  rested  on  a 
bank  of  drift  at  the  level 
of  low  tide,  and  this  bank 
extended  eastward  as  a 
shoal,'  on  which  bergs 
were  stranded,  for  several 
htmdred  yards  from  the 
shore.  We  noted  two 
important  streams  from 
the  western  ice  cliff .  One 
of  them  issued  from  a 
cave  at  the  water's  edge 
near  the  western  limit  of 
the  cliff,  the  other  from  a 
submerged  and  invisible 
tunnel  near  the  middle  of 
the  cliff.  The  last  mentioned  was  probably  the  largest  of  all  the  draining  streams.  It 
rose  to  the  surface  at  the  base  of  the  cliff  and  flowed  southward  over  the  salt  water, 
forming  a  broad  lane  of  milky  fresh  water  with  a  visible  current  and  at  times  nearly 
free  from  floating  ice." 

In  1909  and  1910  the  streams  mentioned  were  no  longer  there,  doubtless  having  been 
destroyed  by  closing  of  orifices  in  the  ice  during  the  advance  then  in  progress.  The 
site  of  the  shoal  mentioned  was  overridden  and  there  was  no  stranding  of  icebergs  near 
the  western  margin  except  as  ice  masses  had  slid  down  from  the  cliff  and  lay  upon  the 
beach  or  near  it  in  shallow  water. 

Grant  and  Higgins'  map  of  Columbia  ice  front  (Fig.   81),   made  in  June,  1909, 

_  « 

shows  a  retreat  of  parts  of  the  west  cliff  of  nearly  one-eighth  of  a  mile,  since  1899, 

» Op.  dt,  pp.  75-76. 

s  See  Fig.  29.  This  was  shown  on  his  plane  taUe  map,  but  omitted  in  the  reproduction  in  the  Harriman  Ex- 
pedition report.  Vol.  Ill,  PI.  XI. 


Fig.  81.    Advance  of  Columbia  Glacieb  trom  1889  to  1909.     Lettsbb 
Show  Location  of  Photographic  Stations  (Afteb  Grant  and 

Higginb). 
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there  being  an  advance  during  the  same  period  of  ten  years  in  the  central  part  of  the 
tidal  cliff.' 

In  1899  the  point  of  the  ice  cliff  projecting  farthest  south  was  near  the  center  of  the 
main  cliff  and  it  was  in  about  the  same  position  in  August,  1909,  thou^  a  little  farther 
west.  There  were  numerous  minor  promontories  and  coves  in  the  ice  cliff .  The  cliff  was 
almost  entirely  free  from  d£bris»  except  in  the  areas  reached  by  the  western  lateral  moraine 
and  one  medial  moraine  near  the  western  border.  It  was  snowy  white  near  the  top  and 
more  glassy  near  the  base,  where  there  were  also  occasional  minor  dirt  bands,  also  sug- 
gesting the  shallowness  of  the  bay  here.  Photographs,  taken  in  1909,  from  two  sites  on 
the  small  island  north  of  Heather  Island  that  were  occupied  by  members  of  the  Harriman 
Expedition  ten  years  before,  showed  a  slight  advance  of  the  main  ice  front  in  Columbia 
Bay  and  an  increase  in  the  height  of  the  cliff. 

With  the  advance  of  the  cliff  on  the  western  margin  there  was  a  great  increase  in  the 
height  of  effective  wave  work  there,  resulting  in  the  destruction  of  vegetation  by  the 
great  waves  generated  by  the  discharge  of  icebergs  from  the  front  of  the  glacier.  Along 
the  inner  face  of  the  beach  and  at  the  base  of  the  cliff,  vegetation  had  grown  with  rela- 
tion to  the  height  of  wave  work  appropriate  to  an  ice  cliff  a  quarter  of  a  mile  or  more 
away.  When  the  ice  cliff  advanced  this  distance  the  waves  began  to  wash  up  much 
higher,  and  in  August,  1909,  beach  cobbles  and  sand  had  been  thrown  back  among  the 
trees,  from  some  of  which  the  bark  had  been  eroded  several  inches  above  the  ground. 
Some  trees  were  killed  by  the  sand  and  salt  water,  and  some  were  broken  off.  Lichens 
and  moss  were  removed  from  the  rocky  cliffs  fifteen  to  twenty-five  feet  above  high  tide, 
soil  had  been  washed  down,  and  at  the  head  of  one  chasm  on  the  coast  a  wave  had  re- 
cently splashed  so  high  out  that  it  had  ripped  up  a  strip  of  turf  and  fltmg  it,  bottomside 
up,  into  the  forest  at  the  head  of  the  chasm. 

The  main  ice  cliff,  which  descends  nearly  500  feet  in  the  last  quarter  of  a  mile,  though 
frequently  discharging  icebergs,  more  by  cascading  down  the  front  than  by  rising  from 
below  the  surface,  was  far  less  active  than  Hubbard  Glacier  in  Yakutat  Bay.  The  terminal 
cliff  of  Columbia  Glacier  is  nearly  200  feet  higher  than  that  of  Hubbard  Glacier,  but  it 
is  far  less  steep.  Columbia  Glacier  has  a  broken  front  down  which  ice  fragments  cascade 
whereas  Hubbard  Glacier  front  is  in  places  nearly,  if  not  quite,  vertical  for  800  feet. 
There  were  no  large  icebergs,  apparently  because  the  ice  front  stands  in  shallow  water, 
and  there  were  only  a  moderate  number  of  small  bergs,  perhaps  because  of  the  easy  es- 
cape they  have  to  the  open  waters  of  Prince  William  Sound. 

Neither  the  main  ice  cliff  nor  the  eastern  ice  cliff  projects  as  far  as  the  Heather  Island 
terminus,  perhaps  partly  because  the  latter  is  opposite  the  center  of  the  glacier,  but  also 
in  part  on  accotmt  of  the  more  rapid  recession  in  salt  water  than  on  the  land.  Because  of 
this  difference,  the  ice  front  of  Columbia  Glacier  is  sinuous,  with  moderate  re-entrants 
in  the  two  places  where  in  contact  with  the  salt  water,  and  with  a  notable  projection 
where  resting  on  the  island. 

In  June,  1910,  the  main  ice  cliff  was  from  400  to  600  feet  farther  south  than  in  Aug- 
ust, 1909,  the  greatest  advance  (Fig.  80)  having  come  in  the  portion  a  little  west  of 
the  middle.  The  rate  of  actual  advance  of  that  portion  of  the  glacier  ending  in  water 
cannot  be  determined  because  iceberg  discharge  causes  the  shortening  of  the  glacier 
while  it  is  advancing.   The  rate  must  be  considerably  in  excess  of  two  feet  a  day,  however, 

t  Grant,  U.  S.  and  Higgins,  D.  F.,  Bull.  Amer.  Geog.  Soc..  Vol.  XLII,  1010,  Fig.  6,  p.  728. 
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for  despite  the  losses  by  melting  and  by  calving  of  icebergs,  the  main  cliff  was  600  feet 
farther  south  on  July  5, 1910,  than  on  August  24, 1909, — ^314  days  earlier. 

Pictures  from  two  photographic  sites  occupied  by  the  Harriman  Expedition  in  June, 
1899,  and  by  us  in  August,  1909,  June,  1910,  and  September,  1910,  enable  us  to  check, 
with  graphic  proof,  the  forward  movement  determined  with  the  transit  (Fig.  90).  The 
advance  from  August,  1909,  to  June,  1910,  was  much  greater  than  that  of  the  preceding 
ten  years  (Fig.  81).  The  advance  from  June,  1910,  to  September,  1910,  which  was  not 
measured  with  the  transit,  was  slight,  though  perceptible*  It  may  be  estimated  rou^^ily 
as  over  100  feet. 

During  the  continued  advance  from  June  to  September,  1910,  a  large  area  of  debris* 
laden,  black  ice  appeared  in  the  terminal  cliff  some  distance  east  of  the  center.  It  was 
several  hundred  yards  long  and  extended  50  or  75  feet  above  sea  level. 

The  Heather  Island  Terminus.  East  of  the  main  ice  cliff  the  Columbia  Glacier  termi- 
nates for  about  half  a  mile  on  an  islet  north  of  Heather  Island  and  connected  with  it  at 
low  tide  (Fig.  S5).  The  ice  front  ends  successively  from  west  to  east  (Fig.  82):  (1)  on 
a  beach  (a-c);  (2)  near  a  western  clump  of  timber  (c-d);  (3)  on  a  boggy  heath  (d-e); 
(4)  near  an  eastern  timber  belt  (e-h);  and  (5)  on  morainic  shoals  and  mud  flats  in 
the  cove  north  of  Heather  Island  and  east  of  this  islet  (h-i).  Beyond  this  is  the  eastern 
ice  cliff. 

This  part  of  the  glacier  has  been  visited  and  studied  more  than  any  other  and  the  events 
in  its  histoiy  for  the  past  ten  years  are  of  much  interest.  In  1899  Gilbert  ^  states  that 
''on  the  island  between  the  two  ice  cliffs  there  were  also  two  push  moraines  of  recent  date, 
the  nearer  being  about  100  feet  from  the  ice  front,  the  farther  from  300  to  500  feet.  The 
latter  was  associated  with  overthrown  forest  trees,  and  included  with  its  rocky  d6bris 
not  only  tree  trunks  and  branches  but  folds  of  peaty  soil.  The  tract  between  the  nearer 
push  moraine  and  the  ice  was  in  places  occupied  by  an  old  moraine  surface  over  which 
the  ice  had  advanced,  but  this  surface  was  elaborately  fluted  in  the  direction  of  ice  mo- 
tion, the  corrugations  having  a  vertical  magnitude  of  several  feet.  In  one  instance  it 
was  seen  that  a  large  bowlder  in  the  underlying  drift  had  impressed  its  form  on  the  ice, 
preserving  in  its  lee  a  train  of  drift  of  the  same  cross-section,  which  constituted  a  ridge, 
and  it  is  probable  that  the  other  flutings  were  of  the  same  character.  As  these  details 
in  the  configuration  of  the  drift  surface  would  be  quickly  obliterated  by  frost  and  rain, 
their  exposure  must  have  been  very  recent.  Probably  the  advance  creating  the  push 
moraine  and  the  subsequent  melting  which  laid  bare  the  ice-molded  drift  had  taken 
place  within  one  or  two  years. " 

Grant  visited  this  same  part  of  Columbia  Glacier  in  1905,  1908,  and  June,  1909,  and 
has  stated  '  that  in  1905  ''at  the  north  end  of  the  small  bland  north  of  Heather  Island, 
on  which  the  front  of  the  glacier  is  resting,  and  where  a  few  years  ago  the  glacier  had 
intruded  and  overturned  the  front  of  a  forest,  a  photograph  (CVII,  A)  was  obtained 
from  the  same  position  as  one  (PI.  CVI,  A)  taken  by  Mr.  Gilbert  in  1899  (Fig.  81, 
Sta.  D).  At  this  point  the  front  of  the  ice  has  retreated  160  feet  since  1899.  On  the 
groimd  since  vacated  by  the  glacier  there  is  very  little  vegetation — ^practically  nothing 
except  fireweed,  which  has  encroached  upon  this  territory  only  a  few  feet. " 

>  Gilbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  m,  1904,  pp.  77-78. 

*  Grant,  U.  S.,  in  H.  F.  Reid's  Variationa  of  Glaciers,  Joum.  Geol.,  Vol.  XIV,  1906,  pp.  406-7;  Vol.  XVEl* 
1009,  p.  670. 
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"lu  1905  the  front  had  tetteat«d  160  feet  from  its  position  in  1899,  and  in  1908  it  had 
advanced  112  feet  beyond  its  position  in  1905. " 

Id  June,  1909,  when  revisited  by  Grant  and  Higgins  this  part  of  the  front  of  the  glacier 
had  advanced  310  feet  since  1908,  and  along  parts  of  its  front  was  advancing  into  the 
forest.' 

The  photographs  by  Gilbert  in  1899  and  by  Grant  in  1905,  1908  and  June,  1909,  from 
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exactly  the  same  site,  at  the  western  end  of  the  eastern  timber  belt  already  spoken  of, 
show  the  retreat  and  advance  at  this  point  graphically  (Pis.  CVI,  A,  CVIIandCVIII).  It 
is  also  a  noteworthy  fact  that  the  advance  went  on  even  more  rapidly  between  June  and 
August,  1909,  than  before,  so  that  while  Grant  was  able  to  photograph  the  glacier  from 
this  site  in  the  former  month,  the  National  Geographic  Society's  expedition,  two  months 
later,  found  the  site  completely  buried  beneath  the  glacier,  which  had  then  advanced 

■  GrsDt  U.  S.  and  Higgin*.  D.  F..  GUciera  ot  the  Northem  Put  ot  Prince  Vniiua  Sound,  Bull.  Anier,  Geog. 
Soc>  Vol.  XLU,  1910,  pp.  731-793. 
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up  to  or  possibly  just  beyond  the  outer  push  moraine  observed  by  Gilbert  in  1899.  Our 
photograph  (PI.  CVIII,  B),  which  belongs  with  this  remarkable  series  of  four,  was  there- 
fore necessarily  taken  from  a  little  farther  to  the  right  and  higher  than  the  others.  It 
shows,  however,  the  same  group  of  inclined  and  overturned,  dead  or  dying  trees  which 
are  in  all  the  otlier  pictures  and  which  were  killed  by  the  advance  dated  by  Gilbert  as 
seven  years  before  1899,  or  in  1892.  In  August,  1909,  the  ice  front  had  just  passed  this 
189£  maximum.  On  July  4  and  September  5,  1910,  the  advance  had  gone  still  farther, 
as  is  shown  below.   The  measured  record  at  this  point  b  as  follows. 


Date  of  Observation 

Nature  of 
Change 

Amount 

Ob90r9^ 

1892  (probably)  to  July  25-7,  1899 

Retreat 

3-^00  ft. 

Gilbert 

1899  (July  25-7)  to  July  10,  1905 

Retreat 

160  ft. 

Grant 

1905  (July  10)      to  July  15,  1908 

Advance 

112  ft. 

Grant 

1908  (July  15)      to  June  24,  1909 

Advance 

310  ft. 

Grant  and 
Higgins 

1909  (June  24)     to  Aug.  23,  1909 

Advance 

70  ft. 

Tarrand 
Martin 

1909  (Aug.  23)     to  July    4,1910 

Advance 

200  ft. 

Martin 

1910  (July    4)      to  Sept.    5,1910 

Advance 

50  ft. 

Martin 

The  photographs  at  these  seven  periods  of  observations,  show  many  interesting  de- 
tails concerning  the  forms  of  retreating  and  advancing  glacier  fronts,  the  changes  of 
marginal  drainage,  the  accompanying  push  moraines,  the  effect  on  forests  and  the  rapid 
reoccupation  by  annual  plants  of  a  deglaciated  surface.  « 

The  half  mile  of  ice  front  of  Columbia  Glacier  on  this  islet  north  of  Heather  Island 
showed  the  following  conditions  on  August  22-23, 1909,  July  4-9, 1910,  and  September  5, 
1910.  Beginning  where  the  main  ice  cliff  emerged  from  the  water  of  the  bay  on  the  western 
side,  there  was  a  push  moraine  of  beach  sand  and  gravel  15  or  20  feet  high  in  August, 
1909,  where  the  photographs  show  that  there  was  no  such  moraine  in  1899,  1905,  and 
1908.  The  ice  was  in  active  contact  with  this.  An  older  push  moraine,  probably  built 
by  the  1892  advance,  still  extended  some  distance  out  toward  the  water's  edge  in  1908 
but  it  did  not  extend  to  the  coast,  as  did  that  of  1909,  which  is  farther  south.  A  tiny 
push  moraine  within  this  older  one  also  shows  in  Grant's  1908  picture,  the  advance 
having  then  apparently  commenced.  At  the  time  of  Grant's  ^  visit  in  June  1909,  the 
outer  moraine  had  advanced  and  grown,  being  about  25  feet  high.  It  was  formed 
between  July  15,  1908,  and  Jime  24,  1909,  and  continued  to  be  pushed  forward  from 
June  24  to  August  23,  1909.  Between  August  23,  1909,  and  July  4,  1910,  the  glacier 
margin  upon  the  beach  continued  to  advance,  shoving  the  push  moraine  upon  the  beach 
ahead  of  it  and  truncating  more  and  more  of  the  forest  edge. 

Measuring  from  a  graywacke  rock  ledge  upon  the  beach  which  was  about  300  feet 
from  the  ice  in  August,  1909,  the  glacier  margin  advanced  135  feet  in  the  ten  months  up 

•  Grant,  U.  S.,  and  Higgins,  D.  F.,  Gladen  of  the  Northern  Part  of  Prince  William  Soiiiid«  BuU.  Amer.  Geo(. 
Soc.,  Vol.  XLII,  1910,  p.  785. 
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to  July  4,  1910.  At  the  same  point  the  advance  from  July  4  to  September  5,  1910,  two 
months,  was  132  feet.  At  this  latest  observation,  the  edge  of  the  push  moraine  in  front 
of  the  advancing  glacier  was  only  33  feet  from  the  highest  point  in  the  middle  of  the  gray- 
wacke  ledge. 

At  the  time  of  each  of  the  three  visits  by  the  National  Greographic  Society's  expeditions 
the  push  moraine  at  the  advancing  glacier  margin  showed  about  the  same  conditions. 
There  was  a  gravel  ridge  parallel  to  the  ice  front  and  15  to  25  feet  high  (PI.  CIX»  A). 
Between  its  crest  and  the  ice  was  a  depression  6  or  8  feet  deep,  and  the  nose  of  the  glacier 
was  visibly  plowing  under  the  gravel.  The  outer  slope  of  the  push  moraine  was  as  steep 
as  sliding  gravel  will  stand.  The  advance  was  taking  place  without  disturbance  of  the 
beach  gravels  beyond  the  push  moraine,  in  this  respect  contrasting  with  the  conditions 
along  the  eastern  edge  of  the  glacier  which  are  described  later. 

The  western  edge  of  the  western  dump  of  timber,  as  shown  in  an  1899  photograph, 
was  not  recognizable  in  August,  1909,  and  at  the  time  of  our  visit  in  1909,  there  seemed  to 
be  no  trees  as  near  the  water's  edge  as  in  1899.  Since  the  forest  belt  recedes  farther  from 
the  coast  as  one  proceeds  southward  from  the  1899  glacier  front  this  indicates  a  consider- 
able advance  before  August,  1909,  truncating  the  edge  of  the  forest,  and  extending  be- 
yond the  1892  maximum.  Within  the  western  clump  of  timber  the  ice  was  pushing  in 
among  the  trees  in  August,  1909,  overturning  them  by  the  thrust  against  their  roots 
and  killing  them  by  burying  their  trunks  beneath  the  rock  and  soil  of  the  push  moraine 
which  bordered  parts  of  the  ice  front.  Furthermore,  the  glacier  was  faulted  in  places  and 
long  splinters  of  ice  were  thrust  forward  in  advance  of  the  base  of  the  ice  cliff,  coming  in 
contact  with  the  upper  trunks  of  mature  trees  and  tipping  them  over.  These  upper  ice 
portions  were  being  pushed  ahead  of  those  below  by  thrust  faulting,  evidently  because 
the  basal  ice  was  in  contact  with  the  soil  and  the  tangle  of  roots  of  a  mature  forest,  so 
that  the  less  resisted  upper  layers  of  the  ice  slid  over  those  below.  There  were  small 
living  trees  actually  under  the  projecting  ice  front.  One  could  step  from  the  glacier 
surface  into  the  branches  of  a  tree  twenty-five  feet  above  the  ground,  or  climb  a  tree 
and  step  out  upon  the  surface  of  the  projecting  upper  layer  of  ice. 

The  exact  amount  of  advance  here  is  not  definitely  known,  but  the  ice  was  surely 
farther  out  than  it  had  been  for  fifty  to  one  hundred  years,  judging  by  the  age  of  the 
trees  now  being  overturned.  The  forest  was  mature,  with  thickly-set  trunks  and  deep 
moss,  and  some  of  the  trees  were  a  foot  in  diameter  and  from  fifty  to  one  hundred  years 
old.  That  at  the  time  of  our  visit  in  August,  1909,  the  advance  at  this  point  had  ex- 
tended beyond  the  1892  maximum  is  proved  by  the  absence  of  previously  overturned 
trees  in  this  western  forest  belt,  in  contrast  with  the  recognizable  inclined  trees  just 
to  the  east  where  the  advance  had  extended  up  to  but  probably  not  very  far  beyond 
the  1892  maximum. 

Between  August,  1909,  and  July  4,  1910  (Fig.  82),  the  ice  advanced  nearly  through 
this  western  belt  of  timber,  overriding  the  trees  and  pushing  up  a  mass  of  soil,  gravel, 
and  wood  in  front  of  it.  During  this  period  of  ten  months  the  width  of  the  forest  from 
north  to  south  was  diminished  from  about  800  feet  to  100  feet  in  the  widest  place.  Be- 
tween July  4  and  September  5,  1910  (Fig.  83),  the  destruction  of  this  forest  continued 
and  on  the  latter  date  there  was  not  a  tree  left  standing  upright  in  the  main  grove.  All 
were  either  overridden  or  lay  prone  (PI.  CIX,  B),  or  were  held  inclined  by  the  moraine 
or  the  ice,  except  a  half-dozen  semi-detached  spruces  at  the  southern  border.    One  of 
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these  was  already  inclined  in  September,  1910,  suggesting  that  a  plou^ishare-like  basal 
nose  of  the  glacier  was  advancing  ahead  of  the  visible  ice  edge.  In  the  intervening 
area  a  few  rolls  of  turf  were  being  pushed  up  and  these  increased  in  number  during  the 
two  months  between  our  1910  observations. 

In  the  forest  there  was  no  audible  disturbance  that  would  lead  one  to  suspect  that 
the  glacier  was  advancing,  and  it  was  possible  to  clamber  freely  among  the  overturned 
tree  trunks,  over  the  push  morune,  and  out  on  the  edge  of  the  advancing  glacier,  whose 
ice  was  less  splintered  and  overthrust  in  July  and  September,  1910,  than  in  August,  1909. 
More  of  the  trees  seemed  to  be  thrown  down  by  the  weight  of  the  glacial  moraine  mate- 
rial heaped  upon  their  trunks  than  by  the  push  of  the  ice  itself,  therefore  falling  with 
their  tops  away  from  the  ice  and  afterward  being  overridden  and  buried.    Some  of 


^Aato  ■S/aAbnSn  £.Mpe  m 


Fio.  3S.    Colombia  Glacor  in  Sbptehber,  I9I0. 
To  show  (tdvonoe  during  S  months.    Dotted  line  shows  ice  edge  in  June,  1910,  tee  Kg.  S2. 

the  trees,  however,  were  originally  overturned  by  the  ice  itself  and  these  usually  fell 
toward  the  glacier,  the  projecting,  buried  ice  edge  pushing  their  roots  forward.  They, 
therefore,  lay  across  the  terminal  push  moraine  and  in  some  cases  with  their  tops  on 
the  ice  itself.  Ice  seemed  to  everywhere  underlie  this  terminal  push  moraine,  thou^ 
in  places  it  was  deeply  buried. 

The  terminus  of  that  part  of  the  glacier  which  ends  on  the  heath  between  the  two 
forest  belts  was  fronted  in  August,  1009,  by  a  great  push  moraine  of  peat  and  turf  with 
a  few  tree  trunks,  some  bowlders,  and  a  little  gravel  and  till.  This  push  moraine  rose 
twenty  to  twenty-five  feet  above  the  heath  on  the  south,  which  sloped  gradually  to 
the  shores  of  a  small  pond.  The  ice-contact  face  of  the  push  morune  sometimes  had 
a  depression  between  it  and  the  ice  which  was  due  to  the  thrust,  itot  to  melting,  for 
the  grasses  on  the  loner  slope  had  not  been  destroyed.  The  shoving  up  of  the  push 
moraine  was  evidently  due  mainly  to  the  powerfid  ploughing  of  the  glacier  foot  and  the 
thrustiog  forward  of  the  soil. 


COLUMBIA  GLACIER  278 

This  push  moraine  was  in  part  a  feature  produced  by  the  189£  advance,  for  there 
were  dead  trees  in  it  overturned  by  the  previous  advance,  and  a  photograph  taken 
in  1899  shows  the  moraine  crossing  the  heath  much  as  in  1909,  though  witii  a  very 
different  relation  to  the  ice  front.  In  August,  1909,  the  ice  was  just  extending  beyond 
the  1892  maximum,  as  was  shown  by  fresh  clods  of  turf,  stones,  and  pieces  of  wood  that 
had  rolled  down  the  outer  slope  of  the  push  moraine  and  by  one  or  two  blocks  of  ice 
that  had  tumbled  down  the  outer  side.  We  are  not  certain  whether  the  moraine  here 
had  been  moved  forward  at  all  or  had  been  made  higher  in  1909. 

By  September,  1910,  there  was  still  more  advance,  but  the  glacier  terminus  was 
much  thinner.  This  spectacular  decrease  in  height  of  the  ice  terminus  from  60  feet 
in  July  to  less  than  15  feet  in  September  suggests  either  (a)  tremendous  vertical  abla- 
tion (45  feet  removed  in  OS  days,  or  nearly  nine  inches  in  a  day),  or  else  (b)  the  collapse 
of  this  portion  of  the  glacier  surface  by  flowing  away  of  the  ice  beneath. 

In  this  eastern  part  of  this  heath  or  meadow  the  push  moraine  was  fronted  by  an 
area  of  turf  ridges  or  billows,  extending  parallel  to  the  ice  front  and  one  hundred  and 
fifty  or  two  hundred  feet  out  from  it.  In  1909  there  were  ^ynclines  and  anticlines  of 
peaty  soil  two  to  six  feet  wide  and  three  or  four  feet  high,  with  grass  and  shrubs  still 
growing  upon  them.  Some  of  them  had  been  made  by  the  thrust  of  the  ice  during  the 
1892  advance,  for  they  were  photographed  in  1899.  At  least  two  such  peaty  bolsters 
were,  however,  added  by  the  1909  advance  at  this  point.  These  are  not  rolls  that  were 
invisible  because  submerged  in  the  adjacent  pond  in  1899,  for  the  water  stood  higher 
in  1909  than  ten  years  before.  The  advance  at  this  point  extended,  therefore,  a  trifle 
farther  in  August,  1909,  than  the  1892  maximum. 

In  July,  1910,  the  push  moraine  wajs  quite  similar  to  that  in  August,  1909,  except 
that  the  whole  morainic  ridge  had  been  pushed  forward  md  it  continued  to  advance 
during  the  summer  of  1910.  The  sloping  heath  in  front  of  it,  however,  was  replaced 
by  additional  bolsters  of  peat.  The  depression  between  the  ice  and  the  push  moraine 
was  decreased  somewhat  in  depth  between  1909  and  1910.  The  push  moraine  rose 
10  or  12  feet  above  the  ice  of  the  glacier  terminus,  and  22  feet  above  the  lake  to  the 
30uth.  It  was  made  up  of  till  with  enormous  striated  bowlders,  rounded  gravel,  and 
peat.  It  wajs  covered  with  grass  except  in  places  where  cracks  interrupted  and  upon 
it  were  a  few  trees,  most  of  them  dead  or  dying,  as  a  result  of  the  advance  of  1892. 
These  trees  rode  forward  on  the  back  of  the  moraine  from  1909  to  1910,  maintaining 
their  relative  positions  but  slanting  at  different  angles.  As  already  stated,  a  number 
of  peat  rolls  were  added  during  this  period  of  advance,  the  whole  heath  which  sloped 
forward  in  front  of  the  moraine  in  1909  being  destroyed  before  September,  1910.  In 
some  places  two  or  three  peat  rolls  were  added  between  July  and  September,  1910. 
Some  of  these  arches  of  peat  were  six  feet  high,  running  parallel  to  the  terminal 
moraine.  In  a  few  cases  the  pressure  had  resulted  in  closing  up  the  folds  to  tightly- 
packed  isoclinal  structures,  in  others  the  arches  had  cracked  across  their  axes,  reveal- 
ing the  internal  structure.  The  lake  in  front  of  this  portion  of  the  ice  front  was  of 
about  the  same  size  in  1909  and  1910,  but  of  different  shape  and  of  slightly  greater 
depth  when  the  1910  observations  were  made. 

At  the  eastern  end  of  this  heathy  meadow  was  a  group  of  overturned  and  inclined 
trees,  some  dead  and  a  few  living.  These  merged  into  the  eastern  timber  belt.  Through 
this  grove  extended  a  push  moraine  made  up  of  an  intricate  jumble  of  till,  gravel, 
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stones  and  tree  trunks,  the  latter,  some  of  which  were  over  two  feet  in  diameter,  be- 
ing inverted,  prostrate,  inclined,  or  beginning  to  be  overturned.  Against  this  moraine 
the  ice  cliflF  of  the  glacier  extended  closely  in  1909  (PI.  CX,  A),  being  at  least  as  far 
out  as  the  advance  that  killed  the  trees  in  1892,  and  perhaps  a  little  farther.  The 
glacier  terminated  against  this  push  moraine,  above  which  it  towered  precipitously, 
but  it  was  not  so  severely  crevassed  that  one  could  not  walk  out  a  short  distance 
upon  its  surface.  At  one  point  we  could  enter  some  of  its  larger  crevasses  and  see  the 
deep  blue  of  the  ice  from  within.  The  dirty  basal  ice  projected  farthest  in  this  area, 
there  being  no  projecting  splinters  of  clear  upper  ice  thrust  forward  among  these  trees, 
as  there  were  in  the  western  timber  belt. 

Outside  the  push  moraine,  in  the  tangle  of  tree  trunks,  there  were  a  few  rolls  of  peaty 
soil  with  shrubs  and  other  plants,  still  growing  in  1909,  although  often  at  right  angles 
to  their  normal  vertical  position.  One  such  roll  was  a  typical  anticline  overturned  on 
the  side  away  from  the  thrust,  whose  effect  here  was  felt  at  least  100  feet  from  the  ice. 
Few  of  the  growing  trees  which  were  not  affected  by  the  189£  advance  had  been  over- 
turned in  August,  1909. 

At  the  eastern  end  of  this  forest  belt  a  small  pool  was  held  in  between  the  ice  front 
and  the  rocky  slope  of  the  higher  part  of  the  island  (PI.  CX,  B),  and  its  outlet  flowed 
westward  through  the  edge  of  the  forest  to  the  small  pond  near  the  heath  mentioned 
above.  Out  of  this  east  pool  rose  a  series  of  overturned  and  compressed  folds  of  peaty 
soil  on  the  extreme  eastern  edge  of  the  belt  of  overturned  trees.  On  the  opposite 
(east)  side  of  this  pool  the  glacier  had  pushed  up  a  former  sea  bottom  deposit  of  clay 
with  abundant  marine  shells. 

In  1910  the  whole  situation  was  changed,  owing  to  the  advance  of  the  glacier.  A 
few  of  the  inclined  trees  were  recognizable,  but  the  ice  front  had  advanced  several  hun- 
dred feet  into  the  growing  forest  and  had  heaped  up  among  the  growing  trees  a  ter- 
minal moraine  mass  of  tree  trunks,  soil,  rock,  and  vegetation  (PL  CVI,  B).  It  rose  to  a 
height  of  80  or  40  feet,  at  least,  where  ten  months  before  there  had  been  no  surface  ac- 
cumulation. Above  this  heap  rose  the  inclined  trees  in  a  confused  thicket,  with  trunks 
pointing  at  every  conceivable  angle.  The  growing  trees  in  this  eastern  timber  belt  had 
not  been  overridden  and  buried,  as  in  the  western  timber  belt,  nor  pushed  forward  with- 
out being  overturned,  as  was  the  case  with  the  scattered  trees  on  the  intermediate  push 
moraine  back  of  the  heathy  meadow.  All  of  them  were  overwhelmed  by  the  advancing 
glacier,  but  only  a  few  were  overridden,  while  most  were  heaped  up  in  the  windrow  of 
forest  debris,  whose  edge  advanced  steadily  into  the  growing  forest  from  July  to  Sep- 
tember, 1910.  Some  distinctive  blackened  tree  trunks,  which  had  been  killed  previously, 
changed  position  from  August,  1909,  to  July,  1910,  not  only  by  forward  movement  but 
by  being  lifted  vertically  80  or  40  feet. 

Along  the  eastern  edge  of  this  forest  belt,  in  1910,  the  site  of  the  little  pool  observed 
in  1909  was  overridden;  and  the  glacier  had  advanced  to  the  edge  of  a  high  bank  which 
was  a  hundred  feet  or  more  from  the  ice  the  year  before.  As  yet  there  were  no  push 
moraine  or  tangle  of  tree  trunks  at  the  margin  of  the  glacier,  which  had  advanced  across 
a  clear  space  formerly  occupied  by  the  eastern  pool  and  by  a  marginal  stream  course. 
In  July  and  September,  1910,  however,  the  forest  was  just  being  invaded  by  the  ice. 
One  tree  which  was  seven  feet  from  the  ice  on  July  6th  was  touched  by  the  glacier  on 
July  9th,  the  advance  being  2}  feet  a  day;  and  before  September  5th  this  tree  was  over* 
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ridden.  MeasuremeDts  made  from  the  glacier  edge  to  a  blazed  tree  at  the  base  of  a 
neighboring  hill  showed  an  advance  here  of  20  feet  from  July  9th  to  September  5th»  the 
rate  being  slower  than  in  July,  probably  because  the  glacier  was  advancing  up  a  steep 
slope  during  the  latter  period.  On  September  5th  the  ice  edge  was  only  18  feet  from 
the  tree,  which  is  blazed  on  the  side  away  from  the  glacier. 

The  remainder  of  this  portion  of  the  ice  edge  was  bordered  in  1910  by  a  strip  of  mud, 
covering  the  terminus  of  the  glacier.  There  was  a  series  of  mud  flows  of  varying  li- 
quidity depending  upon  the  amount  of  water  from  the  melting  ice,  some  of  them  flowing 
out  into  the  borders  of  the  forest,  overwhelming  the  shrubs  and  rising  up  around  the 
trunks  of  the  trees.  Near  the  eastern  edge  of  the  timber  belt  the  mud  flows  were  crowd- 
ing in  against  a  high  bank,  along  which  they  rose  appreciably  higher  in  September 
than  in  July,  1910. 

In  the  cove  between  the  eastern  end  of  Heather  Island  and  the  small  island  to  the 
north  of  it  the  glacier  ended  in  a  low,  dirty,  sloping  front  instead  of  in  a  clean,  precipi- 
tous cliff.  The  actual  terminus  was  upon  morainic  shoab  and  tidal  mud  flats  so  that 
the  water  came  up  over  the  end  of  the  glacier  at  high  tide;  but  at  low  tide  the  cove 
had  no  water  except  a  narrow  shallow  stream  flowing  down  the  middle.  Near  the  gla- 
cier were  many  mud  flows,  and  the  whole  cove,  or  lagoon,  was  floored  by  fine  glacial  mud 
across  which  it  was  possible  to  walk  at  low  tide.  Scattered  through  it  were  a  few  bowlders 
dropped  by  icebergs  which  floated  in  the  cove  at  high  tide,  and  upon  its  surface  there 
were  iceberg  pits  and  long,  sinuous  trails  left  by  the  dragging  of  icebergs  during  the 
rising  and  falling  tide.  None  of  these  icebergs  were  discharged  from  this  part  of  the 
glacier  but  floated  in  from  the  larger  bay  to  the  east.  Numerous  small  streams  emerg- 
ing from  this  part  of  the  glacier  were  helping  to  fill  the  cove  with  glacial  mud. 

This  cove  was  narrowed  considerably  by  the  advance  of  the  glacier  from  August, 
1909,  to  July,  1910,  and  from  the  latter  date  to  September,  1910,  as  the  three  photo- 
graphs of  PL  CXI  clearly  show. 

That  this  part  of  the  ice  front  extended  farther  out  a  number  of  years  ago  is  indi- 
cated by  a  morainic  island  extending  at  right  angles  to  the  present  glacier  terminus 
and  not  now  covered  at  high  tide.  It  has  no  trees  or  other  vegetation,  except  annual 
plants,  and  is  the  only  land  close  to  the  ice  front  that  has  neither  trees  nor  thick  heather; 
but  the  annual  plants  that  grow  upon  it,  show  that  the  tide  does  not  rise  over  it  now. 
Gilbert  says  ^  that  in  1899  **  a  bank  also  extended  eastward  from  the  island  against  which 
the  ice  front  rested,  constituting  at  low  water  a  stony  cape  half  a  mile  long  near  the 
foot  of  the  ice  cliff."  His  description  and  photograph  do  not  harmonize  with  our  ob- 
servations in  1909,  for  the  bank  was  surely  an  island  then.  It  is  possible  that  this 
part  of  the  glacier  has  advanced  to  the  island  since  1899,  for  no  other  cause  for  raising 
it  above  high  tide  is  possible,  excepting  uplift.  Recent  advance  to  the  morainic  island 
is  indicated  by  the  presence  of  a  sinuous  ridge  of  gravelly  material  on  the  side  next 
the  ice  front.  This  deposit  may  possibly  represent  either  an  esker  or  a  push  moraine. 
The  latter  seems  the  more  probable,  for  in  July,  1910,  the  advancing  ice  front  was 
building  a  low  push  moraine  with  a  series  of  minor  lobes  which  had  narrow  crests  and 
very  angular  turns,  similar  to  those  in  the  higher,  sinuous  deposit  of  older  date. 

In  front  of  the  ice  there  was  a  broad,  low  arch  of  stiff  mud  with  marine  shells,  pushed 
up  between  August,  1909,  and  June,  1910,  across  which  an  antecedent  stream  had  cut  a 

>0p.  cit.,  p.  75. 
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narrow  gully,  deepest  at  the  arch  of  the  uplift,  where  there  was  a  little  cascade.    The 
whole  arch  is  100  feet  or  so  in  width. 

That  icebergs  were  formerly  discharged  in  this  cove,  when  the  glacier  extended  out 
farther  than  now,  and  the  water  was  not  yet  so  shallowed  by  deposition,  b  indicated 
by  an  abandoned  wave-cut  cliff  on  the  Heather  Island  side  of  the  lagoon.  At  the  top 
of  this  cliff  were  trees  fifty  to  seventy-five  years  old;  but  the  face  of  the  cliff  is  partly 
covered  with  a  growth  of  peat,  growing  in  which  and  at  the  base  of  the  cliff  were  trees 
fully  twenty-five  years  old.  The  cliff-cutting  had,  therefore,  ceased  over  twenty-five 
years  before  1909. 

It  is  not  known  exactly  what  changes  in  detail  took  place  in  this  part  of  the  terminus 
of  Columbia  Glacier  between  1899  and  1908,  but  between  1908  and  late  August,  1909, 
there  was  sufficient  advance  of  the  terminus  so  that  the  details  shown  in  Grant's  1908 
photographs  were  entirely  destroyed  by  August,  1909.  Marked  thickening  of  the  ice 
in  this  part  of  the  terminus  is  demonstrated  by  a  comparison  of  the  Gilbert  photograph 
from  the  islet  north  of  Heather  Island  in  1899,  with  Grant's  1905  and  1908  photographs 
from  the  same  site.  These  show  that  there  was  not  only  an  advance  and  thickening 
between  1899  and  1905  but  that  the  advance  ceased,  the  ice  thinned  again  by  ablation 
and  was  again  thickened  by  advance  between  1905  and  1908,  the  thickening  continuing 
very  markedly  in  1909  and  1910. 

In  Gilbert's  1899  photograph  (PL  CVI,  A)  the  part  of  the  ice  front  beyond  the  eastern 
timber  belt  shows  as  a  low,  irregular  surface,  completely  mantled  by  d6bris.  In  Grant's 
1905  photograph  (PL  CVII,  A)  this  area  is  occupied  by  crevassed  ice,  at  least  Stty  feet 
thicker  than  in  1899,  judging  by  the  height  to  which  it  rises  upon  the  nearer  inclined 
tree  trunks  through  which  it  shows.  It  may  be  even  thicker.  Following  this  advance 
and  thickening  there  had  been  some  ablation,  for  the  terminus  was  again  partly  man- 
tled with  debris  and  the  crevasses  partly  healed.  This  advance  had,  therefore,  ceased 
before  1905  and  had  not  extended  out  any  farther  than  the  1892  maximum,  as  shown 
by  stones,  in  the  foreground  of  the  1899  and  1905  pictures  and  by  Grant's  measure- 
ments of  the  retreat  of  the  ice  front  several  hundred  yards  to  the  west.  Comparison 
of  Grant's  1905  and  1908  photographs  show  that  the  retreat  continued  some  time  after 
1905,  for  the  surface  seen  through  the  trees  was  lowered  very  considerably  by  ablation 
between  1905  and  1908,  though  still  thicker  than  in  1899.  The  surface  to  the  left  of  the 
trees  in  the  1908  photograph  (PL  CVII,  B),  shows  a  great  crevassed  dome  of  dear  ice,  in- 
dicating that  a  new  advance  was  then  in  progress,  this  being  also  shown  by  the  advance 
of  the  glacier  margin  as  measured  by  Grant.  The  thickening  between  1905  and  1908 
cannot  be  determined  closely,  for  we  do  not  know  how  much  lowering  by  ablation  there 
was  after  1905  and  before  the  1908  advance  began;  but  it  was  evidently  not  less  than 
fifty  or  seventy-five  feet,  and  may  have  been  much  more.  This  1908  advance  con- 
tinued into  1909  and  1910,  being  observed  by  Grant  in  June  (PL  CVHI,  A)  and  by  the 
National  Greographic  Society's  expedition  in  August,  1909,  and  on  our  two  visits  in  1910. 

Thickening  and  forward  movement  of  this  part  of  the  terminus  is  also  shown  by 
comparing  Gilbert's  1899  photograph  from  the  1497  foot  station  (I)  on  the  hillside  to 
the  east  with  our  own  taken  in  August,  1909.  Projecting  the  terminus  in  the  two  pho- 
tographs forward  against  the  islands  north  of  Heather  Island  it  is  evident  from  Gilbert's 
map  that  the  net  advance  in  the  last  ten  years  is  approximately  five-sixteenths  of  a 
mile  or  about  1600  feet.    It  is  not  known  how  much  of  this  was  between  1899  and  1905 
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and  how  much  between  1905  and  1909,  nor  how  much  should  be  added  for  readvanoe 
after  continuation  of  the  retreat  that  was  in  progress  in  1899.  Between  August,  1909, 
and  July,  1910,  there  was  additional  advance  here  of  about  165  feet,  followed  by  addi- 
tional advance  from  July  to  September,  1910.  As  the  advance  on  the  western  margin 
is  at  least  1700  feet  an  advance  of  over  1600  feet  near  the  middle  of  the  glacier  during 
this  decade  is  not  abnormal.  It  suggests,  of  course,  that  there  was  similar  greater  re- 
treat and  readvance  on  the  north  of  islet  Heather  Island  and  that  the  table  based  on 
Grant's  measurements,  should  be  amplified  as  follows: 


Date  of  Observation 


Unknown  date  to  1892  (probably) 

1892  (probably)  to  July  25-7,  1899. . . . 

July  25-7,  1899,  to  unknown  date 

Unknown  date  to  second  unknown  date 
Second  unknown  date  to  July  10,  1905 . 


Nature  of  Change 


Advance 
Retreat* 

Retreat  continued 
Advance 
Retreat 


July  10,  1905,  to  third  unknown  date 

Retreat  continued 

Third  unknown  date  to  July  15,  1908 

Advance 

July  15,  1908,  to  June  24,  1909 

Advance  continued 

June  24,  1909,  to  August  23,  1909 

Advance  continued 

August  23,  1909,  to  July  4,  1910 

Advance  continued 

July  4,  1910,  to  September  5,  1910 

Advance  continued 

The  Eastern  Ice  Cliff.  The  eastern  ice  cli£F  of  Columbia  Glacier  extends  from  the 
morainic  islet  in  the  cove,  described  above,  northeastward  to  the  mainland.  It  is  a 
mile  and  a  quarter  in  length,  veiy  sinuous,  and  rises  approximately  two  hundred  feet 
above  the  water  in  a  pinnacled  and  crevassed  cli£F  whose  white  or  blue  clearness  is  not 
obscured  by  morainic  load  except  for  certain  black  basal  layers  and  a  lateral  moraine 
strip  on  the  east  near  where  the  glacier  reaches  the  mainland.  This  eastern  cliff  changed 
very  decidedly  from  1909  to  1910.  In  the  former  year  it  was  almost  exactly  as  in  1899, 
1905,  and  1908;  evidently  rising  out  of  shallow  water  and  resting  on  bottom,  for,  al- 
though the  cliff  was  precipitous,  there  is  no  great  activity  of  iceberg  discharge.  All  the 
bergs  were  small,  and  all  were  apparently  discharged  by  sliding  down  the  ice  front. 
Photographs  taken  from  Gilbert's  1497  foot  station  (I),  on  the  hillside  to  the  east  show 
that  this  part  of  the  eastern  ice  cliff  advanced  slightly  between  1899  and  1909. 

In  1910  the  ice  cliff  had  advanced  150  or  200  feet  more,  pushing  up  a  terminal  mo- 
raine in  front  of  it  so  that  except  in  the  western  half  mile  no  part  of  the  eastern  ice  cliff 
ended  in  tidewater.  Even  the  western  portion  did  not  reach  the  bay  proper  but  ended 
in  a  cove,  for  the  tidal  cliff  is  fronted  by  the  low  barren  islet  previously  alluded  to.  Here 
the  water  is  evidently  deep  and  small  icebergs  are  occasionally  discharged.  The  water 
in  front  of  the  eastern  half  of  the  cliff  is  shallow,  being  only  57  feet  deep  at  a  distance 

>  Perhaps  interrupted  by  a  alight  readvanoe,  about  1897  or  1898,  suggested  by  the  small  inner  push  moraine 
observed  by  Gilbert  in  1899  on  the  western  shore  of  the  bay,  on  the  islet  north  of  Heather  Island,  and  on  the 
mainland  to  the  east.  The  fluted  ground  moraine  beside  Heather  Island  terminus  also  suggests  an  advance 
between  1892  and  1899,  as  Gflbert  says  (Op.  dt.,  p.  78). 
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of  a  half  mile,  and  even  shallower  near  the  glacier,  which  has  therefore  been  able  to 
plough  up  the  mud  of  the  sea  bottom  into  the  new  terminal  moraine  that  rose  above 
the  bay  in  1910.  In  this  eastern  half,  therefore,  no  icebergs  were  discharged,  as  was 
the  case  in  1909,  and  a  few  streams  flowed  into  the  bay  across  the  mud  moraine.  Only 
on  the  extreme  eastern  edge  of  this  ice  cliff  was  the  new  terminal  moraine  made  up  of 
anything  but  mud.  There  the  beach  gravels  were  being  pushed  up  into  a  ridge  200 
feet  long,  130  feet  wide  and  20  feet  high,  and  filled  with  mussel  and  other  shells,  with 
barnacles  attached  to  pebbles,  and  with  seaweed.  In  front  of  this  push  moraine  were 
three  folds  of  the  compact  clay,  forming  ridges  parallel  to  the  front  of  the  moraine 
against  which  the  ice  was  advancing.  The  one  nearest  the  push  moraine  was  breached 
axially  at  the  crest. 

Between  July  2  and  September  6, 1910,  there  was  sufficient  advance  along  this  margin 
of  the  glacier  to  dam  back  a  portion  of  the  tide  flats  of  early  summer  into  a  small  lake. 

The  Lobaie  Eastern  Margin,  The  eastern  margin  of  Columbia  Glacier  is  a  sinuous 
lobate  terminus  ending  on  high  and  low  land  of  the  alternating  rock  hills  and  plains. 
Along  this  eastern  margin  Gilbert  described  phenomena  in  1899  similar  to  those  which 
he  observed  on  Heather  Island.  '*  There  was  an  inner  push  moraine,  chiefly  or  wholly 
of  drift  and  running  parallel  to  the  ice  margin.  There  was  an  outer  push  moraine,  less 
regular  in  its  distance  and  associated  with  disturbance  of  the  forest  and  the  meadow 
peat.  In  the  tract  between  the  two  many  prostrate  trunks  were  seen,  showing  that 
in  places  the  front  of  the  forest  had  been  crowded  back  several  hundred  feet.  Many 
of  the  trees  that  were  overturned  but  not  overridden,  retained  their  bark,  branches,  and 
even  minor  twigs,  but  the  leaves  had  fallen.  On  disturbed  forest  soil  Coville  found 
three  young  spruces  which  had  grown  since  the  catastrophe.  In  each  case  the  age» 
as  shown  by  rings  of  growth,  was  seven  years.  The  date  of  the  ice  maximum  was  there- 
fore not  later  than  1892  and  may  have  been  that  year." 

We  do  not  know  the  behavior  of  this  margin  during  the  earlier  oscillations  described 
for  the  Heather  Island  and  western  termini.  Advance  had  taken  place  here  before 
June,  1909,  however,  for  Grant  states  that  '*on  the  eastern  edge  of  the  glacier  there  was 
a  zone  of  perhaps  200  feet  between  the  maximum  advance  in  recent  years  into  the  forest 
and  the  front  of  the  ice."  * 

On  August  24,  1909,  the  National  Geographic  Society's  expedition  was  able  to  com- 
pare the  exact  conditions  along  the  lobate  margin  with  those  ten  years  before.  We 
climbed  the  spur  east  of  the  glacier  to  Gilbert's  plane  table  and  photograph  station 
(Sta.  I),  at  an  elevation  of  1497  feet;  and  we  also  walked  some  distance  along  the 
marginal  stream  and  lake  southeast  of  the  glacier,  but  did  not  walk  over  any  of  the 
glacier  edge  itself. 

On  comparing  the  photographs  from  this  spur  taken  by  Gilbert  on  June  26,  1899»' 
with  the  conditions  on  August  24, 1909,  we  found  the  following  changes.  At  the  margin 
of  the  eastern  ice  cliff  there  was  an  advance  southwestward  into  the  bay  which  we  esti- 
mate to  be  between  1000  and  1500  feet.  There  was  a  broadening  of  the  glacier  by  sev- 
eral hundred  feet,  as  also  shown  by  Grant's  observation  in  June,  1909,  but  in  August 
the  ice  margin  had  as  yet  not  extended  to  the  maximum  of  1892.  In  places,  however* 
it  was  within  a  short  distance  of  the  forest. 

1  Peraooal  communication. 

*  Reproduced  u  Plate  IX*  Harriman  Alaaka  Expedition,  Vol.  m,  1904. 
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The  lobate  ice  margin  spreads  out  in  the  depressions  between  a  series  of  rock  hills 
along  the  eastern  margin  and  rides  up  on  the  sides  of  the  hills.  The  position  of  the  1802 
advance  was  clearly  marked  aking  this  whole  margin  but  the  ice  did  not  extend  quite 
up  to  the  windrows  of  prostrate  and  inclined  trees,  though  since  1899  it  had  advanced 
several  hundred  feet  and  overridden  the  sites  of  several  small  ponds. 

During  the  last  week  in  June  and  the  first  week  in  July,  1910,  we  observed  the  con- 
ditions along  this  lobate  east  margin  in  detail.  There  had  been  an  advance  of  two  or 
three  hundred  feet  so  that  the  ice  was  up  to  or  just  beyond  the  1892  maximum,  having 
completely  covered  the  barren  zone. 

Just  east  of  the  terminal  moraine  that  fronts  the  eastern  ice  cliff,  which  was  tidal  ten 
months  before,  was  an  area  of  low 
treeless  morainic  hills  made  up  of 
glacial  deposits,  in  places  resting 
upon  rock  ledges.  In  1910  the 
glacier  was  plou^ng  forward  in- 
to this  deposit  and  had  developed 
a  series  of  minor  tobes.  There 
was  no  pronounced  terminal  mo- 
raine at  the  ice  edge  hut  there 
was  a  low  push  moraine,  two  or 
three  feet  high  in  places.  The 
glacier  was  evidently  crowding 
the  whole  deposit  forward  against 
the  rock  slope  to  the  southeast. 
Locally  near  the  ice  edge  folds  of 
peaty  material  had  been  rolled 
up,  but  throughout  most  of  the 
area,  there  was  no  covering  of 
peaty  soil  upon  the  glacial  till 
and,  therefore,  no  folding. 

Themassof  till  had  been  pushed 
forward  ag^nst  the  rock  slope  to 
the  south  and  had  then  bulged 
upward,  dammii^  back  the  stream  into  a  new  lake  (Fig.  S4),  at  whose  outlet  there 
was  a  foaming  waterfall  10  feet  high  in  June,  1910,  where  there  was  none  in  August. 
1909.  This  lake  rose  high  enou^  to  submerge  trees,  shrubs,  moss,  and  turf  that  in  the 
fall  of  1909  were  growing  high  above  the  water.  Other  evidence  of  the  bulging  upward 
of  this  till  mass  was  the  presence  of  marine  shells  and  seaweed  on  top  of  a  hillock  beside 
the  waterfall,  ii  feet  above  high  tide.  These  shells  were  within  the  reach  of  the  tide 
ten  months  before,  for  at  high  tide  in  1909  salt  water  went  up  the  river  a  quarter  mile 
above  the  site  of  the  waterfall  of  June,  1910.  It  was  a  narrow  estuary  at  high  tide  and  a 
narrow  stream  at  low  water. 

The  surface  of  this  whole  disturbed  area  was  gashed  by  gaping  cracks,  most  of  which 
were  shallow,  due  to  the  compression  and  upward  swelling  of  the  till  mass  under  the  thrust 
from  the  advancing  glacier.  A  majority  of  the  cracks  extended  at  right  angles  to  the 
front  of  the  glacier,  that  is  parallel  to  the  direction  from  whidt  the  strun  was  being 


Vm.  81.  PcBnoN  or  Lc»4ts  EiansM  Haboin  or  Counou 
GuoBB,  Sbowino  Nbw  Lake  Foriobb  Beiwxmm  Anaun. 
IBM.  Ain>  Juira,  1010. 

TIui  U  on  lite  of  "luge  gUcUI  river"  on  Gnot  uid  Higgiu 
map  (Fig.  81)  made  in  June,  1009.  At  a  wm  aa  abudoMd 
river  eoune  M  feet  above  bi«h  tide  in  June,  ISIO,  sod  mariiie 
ta«ili  were  fotind  on  top  of  hill.  Dotted  Uiiea  endoM  araa  of 
cTfidu  near  waterfall  where  advance  waa  puahiag  np  a  dam  c( 
gladal  till  in  ISIO. 
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Implied.  Many  of  them  were  merely  due  to  the  craddng  of  the  thin,  grassy  cover  of 
the  till,  and  across  quite  a  number  still  extended  fine  threads  of  grass  roots  which  had 
been  drawn  out  as  the  turf  on  either  side  was  stretched  and  broken.  The  whole 
arrangement  was  characteristic  of  an  expanding  mass  whose  turf  cover  fitted  it 
before  the  strain  was  applied  but  which  had  since  bulged  upward  so  that  the  turf 
covering  was  too  small. 

Over  the  top  of  the  24-foot  hillock  which  dammed  back  the  lake  ran  the  abandoned 
channel  (a.  Fig.  34)  of  the  marginal  stream  of  1909,  its  site  marked  by  rounded  stream 
gravels  and  by  the  absence  of  vegetation.  In  late  June  and  early  July,  1910,  the  stream 
course  at  the  outlet  of  the  lake  was  at  the  outer  edge  of  the  till  mass  where  it  was  being 
pushed  up  against  the  mountain  side. 

It  was  also  evident  that  there  had  been  several  minor  lake  stages  preceding  the  current 
one,  for  on  the  lakeward  slopes  of  the  24-foot  hillock  were  minute,  abandoned  shore- 
lines.   They  were  not  horizontal,  however,  but  inclined. 

The  continuation  of  this  crowding  forward  of  the  till  dam  resulted  in  several  changes 
in  drainage  and  topography  along  this  part  of  the  glacier  margin  between  July  2  and 
September  6,  1910.  Several  of  the  minor  lobes  advanced  20  to  40  feet  and  there  was 
much  more  fracturing  of  the  turf  than  in  July,  the  turf  was  being  pushed  out  into  the 
river  just  below  the  falls  where  there  was  only  a  mud  shore  in  July,  the  course  of  the  lake 
outlet  was  changed,  the  ten-foot  waterfall  of  early  smnmer  being  abandoned,  the  lake 
level  had  been  lowered  slightly  by  the  downcutting  of  the  new  outlet  which  had  two 
channels  instead  of  one.  These  channels  had  cut  away  a  large  part  of  the  24«foot  hillock, 
destroying  portions  of  the  abandoned  1909  stream  course,  and  the  new  waterfalls  were 
only  5  or  6  feet  high. 

The  site  of  Gilbert's  1899  photograph  of  the  glacier  margin  described  on  p.  276  was 
immediately  north  of  the  marginal  lake  just  described.  In  June,  1910,  the  ice  had  ad- 
vanced clear  to  the  1892  maximum,  several  of  the  prostrate  trees  killed  at  the  earlier 
date  being  still  recognizable;  but  by  September  they  had  been  overridden.  Along  this 
portion  of  the  glacier  margin  the  windrows  of  dead  trees  killed  in  1892  were  still  undis- 
turbed in  August,  1909.  They  lay  in  regular  piles,  generally  with  their  tops  pointing 
away  from  the  glacier.  In  June,  1910,  the  ice  had  advanced  up  to  many  of  them  and  they 
were  heaped  up  in  irregular  masses,  forming  a  tangle  of  wood,  turf,  and  rock  debris  in 
one  place  75  or  100  feet  high. 

The  changes  along  this  margin  of  the  glacier  will  not  be  described  in  detail,  although 
shown  in  several  photographs.  It  is  enough  to  say  that  there  were  great  changes  from 
August,  1909,  to  June,  1910,  and  from  then  to  September,  1910.  The  changes  varied, 
depending  on  whether  the  ice  was  ploughing  up  turf  or  forest,  and  whether  it  was  ad- 
vancing up  a  hillslope  or  down  a  declivity.  All  of  the  barren  zone  which  Gilbert  described 
in  1899,  was  overridden  in  1910,  so  that  forest  not  touched  in  1892  was  then  being  de- 
stroyed all  along  the  margin,  excepting  possibly  on  a  terminal  moraine  described  later. 

There  were  two  lower  lakes  along  the  eastern  margin  of  Columbia  Glacier.  In  1909 
the  lower  or  westernmost  and  smaller  of  these  extended  eastward  from  a  low  waterfall 
over  a  rock  ledge  a  quarter  of  a  mile  east  of  the  till  dam  pushed  up  in  1910.  Below  this 
there  was  no  lake  in  1909,  and  as  already  stated,  tidewater  then  extended  up  to  these 
falls,  three  quarters  of  a  mile  from  Coliunbia  Bay.  The  till  dam  of  1910  made  a  new 
lake,  both  longer  and  deeper  than  the  older  one»  covering  the  site  of  it  and  of  the  low  water- 
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fall  alluded  to.  In  1910  the  edge  of  the  advancing  glacier  extended  into  this  new  lake 
in  two  lobes  a  short  distance  apart. 

At  the  western  end  of  the  upper  and  larger  lake,  which  remained  unchanged  in 
1899,  1909,  and  1910,  there  is  a  higher  waterfall  over  rock.  In  this  upper  lake  the  glacier 
margin  turns  from  its  northeast  trend  and  continues  northwestward.  Here  the  1892 
maximum  was  marked  by  a  low  crescentic  moraine  from  which  the  glacier  had  retreated 
so  far  in  1899  that  there  was  a  line  of  crescentic  pools  between  the  moraine  and  the  ice 
front.  The  readvance  at  this  point  in  1909  had  extended  out  across  the  site  of  these 
pools  and  nearly  out  to  the  1892  terminus.  We  estimated  the  advance  in  this  lobe  to 
be  nearly  a  quarter  of  a  mile.  Between  August  24, 1909,  and  June  SO,  1910,  the  continued 
advance  of  this  lobe  carried  it  out  about  800  feet  and  there  was  a  lateral  spreading  east- 
ward of  830  feet.  The  1892  moraine  was  completely  overridden  in  places,  so  that  the 
ice  extended  into  the  lake  in  three  minor  lobes  where  none  reached  the  water  ten  months 
before.  This  was  also  true  in  another  minor  lobe  to  the  southwest.  An  interesting 
little  delta,  evidently  built  in  this  lake  in  1892  when  the  crescentic  moraine  was  made, 
shows  in  Gilbert's  1899  photograph  as  a  small  abandoned  delta  with  no  streams  except 
the  small  outlet  of  a  marginal  lakelet.  In  August,  1909,  the  ioe  extended  nearly  up  to  the 
delta,  though  not  far  enough  to  send  streams  across  it;  but  in  June,  1910,  the  advance 
had  brought  the  ice  up  to  it,  and  outwash  streams  were  once  more  building  it  forward 
into  the  large  lake. 

Along  the  more  distant  lobes,  that  project  against  the  forested  rocky  knobs  still  farther 
northward,  holding  marginal  lakelets  there,  the  ioe  seemed  in  1909  to  extend  right  up  to 
the  forest  and  had  apparently  quite  equalled  in  extent  the  earlier  great  advance  in  1892. 
In  1910  there  had  been  additional  spreading  of  the  glacier  so  that  several  of  these  lobes 
had  advanced  200  to  400  feet  into  the  forest. 

Along  this  lobate  border  there  were  many  modifications  in  1909  and  1910.  The 
glacier  had  thickened,  crevassing  had  sliced  up  ice  that  was  smooth  in  1899,  and  the 
distribution  of  moraine  upon  the  margin  had  changed  somewhat  from  1899  to  1909. 
Although  there  was  more  crevassing  in  1910  than  in  the  previous  year  the  distribution 
of  marginal  ablation  moraine  was  about  the  same. 

The  great  lobe,  or  distributary,  east  of  the  nunatak,  underwent  no  appreciable  change 
from  1899  to  1910  and  we  assiune  that  it  still  coalesces  with  the  main  glacier  below  the 
nunatak,  as  Palache  observed  in  1899.  We  saw  this  distributary  from  too  great  a  dis- 
tance to  be  sure  as  to  the  detailed  conditions  in  1909  and  1910,  but,  as  the  topographic 
map  shows,  it  touches  the  main  glacier  but  contributes  no  ice  to  it. 

The  drainage  of  the  eastern  margin  of  Coliunbia  Glacier  shows  an  interesting  alter- 
nation of  complex  conditions.  The  streams  emerging  from  the  eastern  glacier  distrib- 
utary, joined  by  the  drainage  from  the  eastern  margin  of  the  main  glacier  south  of  the 
big  nunatak,  and  by  smaller  streams  from  small  mountain  glaciers  on  the  east,  flowed 
southward  into  a  lake  among  the  rocky  hills  east  of  the  main  glacier.  This  lake  was 
nearly  filled  by  a  delta  of  outwash  gravels  which  grew  forward  appreciably  between  1899 
and  1909.  From  this  upper  lake  the  marginal  stream  flowed  southward  through  the 
rocky,  forested  hills  east  of  the  glacier  into  the  long,  crooked,  upper  lake.  The  main 
mountain  wall  formed  one  shore  of  this  lake,  and  the  moraine  bordering  the  minor  glacier 
lobe  that  advanced  a  quarter  mile  between  1899  and  1909,  formed  the  other.  Into  this 
muddy  lake  flowed  numerous  turbid  streams  from  the  glacier,  some  of  which  built  deltas. 
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Below  this  lake  the  stream  course  was  partly  marginal  to  the  present  ice  sheet  for  a 
short  distance,  then  came  several  sections  in  broad  gorges  through  the  drift  and  rock  with 
some  waterfalls,  alternating  with  broader,  lake-like  sections  where  only  the  outer  moraine 
separated  the  stream  from  the  present  ice  edge.  Here  the  lobate  eastern  margin  of  the 
glacier  formerly  forced  the  stream  into  marginal  channels  across  rock  spurs,  making  lakes 
above  the  spurs  and  rapids  on  the  rocks,  and  these  conditions  still  lingered,  though  the 
stream  had  cut  somewhat  in  the  rock.  Below  the  westernmost  gorge  the  stream  emerged 
into  a  muddy  tidal  estuary  which  branched  from  the  bay  east  of  Heather  Island  in  1009» 
while  across  a  part  of  it  in  1910,  the  advance  of  the  glacier  had  formed  another  lake  with 
a  till  dam,  as  already  described. 

Ttie  Main  Olacier  Surface,  Columbia  Glacier  surface  slopes  about  150  feet  to  the  mile. 
The  glacier  margins  discussed  in  the  preceding  pages  represent  only  the  outermost  por- 
tions, and  do  not  include  those  in  the  upper  part  of  the  glacier  at  a  distance  back  from 
the  sea.  These  portions  of  the  glacier,  and  the  low  grade,  main  glacier  surface,  we  saw 
only  from  the  crest  of  Heather  Island  and  from  the  1497  foot  station  southeast  of  the 
glacier.  The  conditions  can  be  described  fairly  well,  however,  for  the  viewpoints  were 
comprehensive  and  we  were  able  to  write  notes  and  take  photographs  from  stations  at 
which  similar  records  had  been  made  ten  years  before. 

The  main  glacier  surface  was  impassably  crevassed  in  each  of  the  periods  of  observa- 
tion, though  it  was  more  severely  crevassed  in  1909  and  1910  than  ten  years  before,  and 
on  the  east  side  there  were  one  or  two  ice  steps  with  especially  severe  crevassing.  The 
changes  in  the  medial  and  lateral  moraines,  and  in  crevassing  within  them,  are  the  most 
important  differences  between  the  1899  glacier  surface  and  that  which  we  saw,  for  the 
changes  accompanying  the  thickening  and  spreading  of  the  margins  were  not  determin- 
able in  the  main  glacier  back  of  the  frontal  portion. 

Gilbert  has  described  the  conditions  in  1899  as  follows:^ 

'*  Opposite  the  great  nunatak  were  two  medial  moraines,  one  passing  within  a  half  mile 
of  its  base,  the  other  lying  about  one  mile  from  the  opposite  edge  of  the  glacier.  A  central 
tract  two  miles  broad  was  practically  drift-free.  Toward  the  end  of  the  glacier  this 
central  tract  broadened,  the  medials  swinging  toward  the  sides,  until  finally  the  white 
belt  was  three  miles  wide.  As  the  medials  diverged  they  also  broadened,  and  th^  even- 
tually merged  with  flanking  moraines,  so  that  near  the  end,  especially  on  the  east  side, 
the  areas  of  drift-covered  ice  were  very  wide.  The  marginal  belt  on  the  west,  instead  of 
continuing  northward  parallel  to  the  medial  with  which  it  was  associated,  was  seen  to 
curve  about  into  the  western  embayment,  as  indicated  on  the  map,  and  a  belt  seen  from 
a  distance  near  the  north  edge  of  the  embayment  was  supposed  to  be  its  continuation,  a 
loop  being  made  within  the  embayment.  As  the  ice  in  the  embayment  descended  toward 
the  west,  it  is  evident  that  the  morainic  loop  could  not  at  that  time  represent  a  line  of 
continuous  flow,  for  we  cannot  suppose  the  ice  to  flow  into  the  embayment  on  a  descend- 
ing course  and  then  return  on  a  parallel  ascending  course.  It  is  therefore  probable  that 
the  moraine  was  formed  as  a  comparatively  direct  line  of  drift,  following  the  course  of 
the  main  current  at  a  time  when  no  current  entered  the  embayment.  The  inference  that 
a  change  has  occurred  naturally  leads  to  inquiry  as  to  the  precise  nature  of  the  antecedent 
condition  of  the  glacier.  On  the  one  hand,  the  embayment  may  have  been  so  fuU  of  ice 
that  the  surface  gradient  was  outward;  or,  on  the  other,  the  glacier  of  the  main  valley 

^  Op.  cit,  pp.  74-<5. 
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may  have  had  so  low  a  surface  that  there  was  no  tendency  to  overflow  to  the  compara- 
tively shallow  side  valley. 

''The  first  case  implies  snow  accmnulation  in  the  emba3anent  a  few  decades  ago  at  a 
rate  not  since  maintained,  and  would  correspond  to  a  general  expansion  of  glaciers  fol- 
lowed in  later  decades  by  contraction;  but  the  relations  of  the  ice  to  the  forest,  to  be 
described  presently,  show  that  such  contraction  has  not  taken  place.  The  second  case 
implies  a  general  expansion  of  the  glacier  as  the  important  element  of  its  later  history. 

''Another  medial  moraine  of  the  great  ice  field  north  of  the  nunatak  passed  just  east 
of  the  nunatak  and  continued  down  the  eastern  arm  of  the  glacier  to  its  end,  where  it 
contributed  toward  the  building  of  a  great  alluvial  delta  which  was  gradually  obliter- 
ating one  of  the  lakes.'' 

In  1909  the  band  of  clear  ice  between  the  east  medial  and  the  lateral  moraine  was  nar- 
rower than  ten  years  before,  as  if  advance  in  midstream  had  crowded  it  over.  The  same 
thing  seemed  to  be  true  of  the  whole  broad  east  moraine  below  the  junction  of  the  medial 
and  upper  lateral  moraines.  Where  it  had  been  smooth  in  1899,  this  broad  lateral  mo- 
raine was  in  1909  severely  crevassed  throughout,  and  some  debris  had  fallen  into  the  cre- 
vasses; but  the  contact  of  clear  and  crevassed  ice  was  as  sharp  as  ever  and  the  lateral 
moraine  belt  was  narrower.  We,  therefore,  infer  lateral  spreading  of  the  area  of  clear 
ice  in  the  interim.  In  1910  this  lateral  spreading  and  crevassinghad  increased  slightly, 
but  there  was  only  a  little  more  white  ice  on  this  east  side  than  the  year  before. 

The  moraine  on  the  distributary  east  of  the  large  nunatak,  was  slightly  more  extensive 
in  1909  than  ten  years  before;  but  since  snow  covered  it  in  June,  1910,  we  cannot  tell  its 
condition  then.  The  apparent  change  from  1899  to  1909  may  be  due  in  part  to  more 
snow  on  this  upper  part  of  the  glacier  during  Gilbert's  June  observation  than  at  the  time 
of  our  observations  in  August.  This  ice  tongue  is  much  less  crevassed  than  the  main 
glacier,  although  it  has  a  steeper  grade.  It  has  scattered  debris  upon  its  eastern  and 
terminal  margins,  less  than  in  1899,  but  the  western  side  has  a  broad  lateral  moraine, 
apparently  heavier  than  ten  years  ago,  which  seems  to  be  made  up  partly  of  marginal 
debris  from  the  large  nunatak,  but  chiefly  of  material  carried  by  a  medial  moraine  from  the 
main  upper  glacier.  Near  the  northern  end  of  the  nunatak  this  medial  moraine  joins 
the  lateral  moraine,  which  had  broadened  and  extended  farther  out  into  the  ice  in  1909 
than  ten  years  before.    This  extension  is  perhaps  due  to  ablation  near  the  warmer  land. 

On  the  western  margin  of  the  glacier  we  were  unable  to  look  far  enough  into  the  souther- 
most  embayment  to  see  whether  the  moraine  still  bends  into  it,  as  observed  by  Gilbert 
and  shown  upon  his  map.  There  seemed  to  be  a  marginal  lake  with  icebergs  on  the  north- 
em  side  of  this  embayment  in  August,  1909.  On  June  SO,  1910,  this  lake  had  been  drained, 
its  site  being  marked  by  heaps  of  tumbled  icebergs  which  had  gone  aground  when  the 
water  was  drained  out  beneath  the  main  glaeien 

In  both  this  embayment  and  the  one  next  north,  the  grade  is  so  flat  that  it  could  not 
be  determined  from  our  remote  viewpoint,  whether  the  grade  was  reversed,  as  inferred 
by  Gilbert,  or  whether  these  are  debouchures  of  tributaries. 

Still  farther  to  the  north  and  northeast  the  main  glacier  receives  a  number  of  accord- 
ant, hanging,  and  cascading  glacier  tributaries;  but  the  absence  of  pronounced  medial 
moraines  away  from  the  margins  of  the  glacier  indicates  that  though  many  of  these  are 
good-sized  glaciers,  they  are  all  relatively  small  and  unimportant  compared  with  the 
main  ice  tongue. 
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Glacial  Eronon.  A  sounding  a  little  over  a  quarter  mile  from  the  terminus  of  Columbia 
Glacier  showed  600  feet  of  water,  indicating  cleariy  that  the  ice  front  is  not  afloat.  It 
is,  therefore,  grinding  actively  upon  the  bottom  of  the  fiord.  Other  soundings  (Fig.  35) 
show  clearly  that  it  has  act  been  afloat  at  any  time  when  it  extended  farther  south  ia 
Columbia  Bay,  the  depths  of  water  increasing  gradually  from  000  feet  near  the  ice  fnmt 


Fig.  33.    Stibiiarine  ODNTonaa  ts  Front  op  Coi-dxbu  Giacies. 


to  906  feet  at  a  distance  of  3§  miles  and  1020  feet  five  miles  from  the  ice  front  at  the 
entrance  to  Prince  William  Sound,  the  slope  being  uniformly  about  i50  feet  to  the  mile. 
As  the  soundings,  a  half  mile  iqiart,  show  no  interruptions  in  this  even  grade  it  is  evident 
that  there  has  been  no  significant  basining  of  the  fiord  bottom.  This  would  be  normal 
in  a  straight  section  of  fiord  without  constrictions  of  the  side  walls.  In  the  narrower 
channel  east  of  Heather  Island  the  water  is  57  feet  deep  a  half  mile  south  <rf  the  east  ice 
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cliff  and  the  water  also  deepens  uniformly  southward  but  at  the  rate  of  only  98  feet  to 
the  mile,  the  depth  3}  miles  from  the  glacier  being  426  feet  (Fig.  S5). 

The  cross  section  of  the  fiord  (Fig.  36}  is  of  a  very  broad  U-shi^,  with  broad  flat 
bottom,  typical  of  glacially-sculptured  troughs. 

There  are  submerged  hanging  valleys  on  each  side  of  the  main  fiord,  the  channel  east 
of  Heather  Island  hanging  474  feet  above  the  bottom  of  Columbia  Bay,  while  the  smaller 
Granite  Cove,  at  the  entrance  of  which  the  water  is  only  18  feet  deep,  hangs  756  feet. 
There  are  also  hanging  valleys  above  sea  level,  one  about  half  way  between  Granite  Cove 
and  Columbia  Glacier,  on  the  west  side  of  the  fiord,  hanging  300  feet  above  the  level  of 
the  water,  which  is  here  nearly  700  feet  deep  in  midchannel.  The  whole  western  slope 
of  the  fiord  is  much  over-steepened  by  glacial  erosion,  having  a  slope  in  many  places  of 
over  4000  feet  to  the  mile,  with  sheer  precipices  in  places  and  with  much  bare  rock. 
Cirques,  hanging  valleys,  roches  moutonn£es  forms,  over-steepened  lower  slopes,  and 
truncated  spurs  are  also  abundant  in  the  mountains  on  the  eastern  side  of  the  fiord,  but 
this  side  has  been  less  sharply  eroded  than  the  western.  Glacial  striae  are  rarely  seen  in 
Columbia  Bay,  for  soil  and  moss  mask  most  of  the  rock  ledges. 

Glacial  Deposits.  Glacial  deposits  form  no  conspicuous  features  near  Columbia  Glacier, 
and  there  are  no  submerged  deposits  suggestive  of  moraines  in  the  bay.    Heather  Island 
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is  a  rock  hill,  thinly  veneered  with  ground  moraine.  North  and  east  of  Heather  Island* 
however,  there  are  extensive  mud  flats  made  by  deposits  from  glacial  streams,  and  through 
these  are  scattered  striated  bowlders  carried  out  by  icebergs.  It  is  impossible  to  tell  to 
what  extent  similar  deposits  occur  in  the  deeper  waters  where  the  heists  of  submerged 
hanging  valleys  may,  therefore,  be  considered  as  giving  only  a  minimum  measurement  of 
glacial  erosion.  The  lakes  in  the  valleys  southeast  of  Columbia  Glacier  may  be  due 
either  to  glacial  obstructions  or  to  basining  by  sculpture  of  tributary  ice  tongues.  In 
the  marginal  lakes  immediately  adjacent  to  the  ice  there  are  some  glacial  deposits,  among 
which  the  outwash  plain  of  sand  and  gravel  built  by  the  stream  from  the  large  glacier 
distributary  on  the  east  is  conspicuous.    It  is  over  a  mile  in  length. 

The  lowland  next  the  bay,  over  which  the  lobate  eastern  margin  of  the  glacier  was 
beginning  to  advance  in  1910,  is  the  only  extensive  area  of  terminal  moraine  in  the  region. 
It  is  five-eighths  of  a  mile  long,  an  eighth  of  a  mile  or  less  in  width,  and  has  the  sharp  un- 
dulating knob-and-basin  topography  (PL  CXII,  A)  typical  of  many  terminal  moraine  areas 
in  the  United  States.  There  are  a  score  or  more  of  small  ponds  in  the  kettles.  Most  of 
the  area  is  covered  only  by  grass,  but  the  parts  farthest  from  the  glacier  have  very  small 
strips  of  mature  conifers  with  dead  trunks  heaped  up  along  a  push  moraine  at  the  border 
of  the  westernmost  dump.  As  Grant  and  Higgins  have  pointed  out  ^  the  shrubs  on  the 
grassy  moraine  surface  are  not  over  20  years  of  age,  or  thereabouts,  but  we  do  not  agree 

1  Grant,  U.  S.  and  Higgins,  D.  F.,  Glaciers  of  the  Northern  Part  of  Prince  William  Sound,  Bull.  Amer.  Geog. 
Soc.,  Vol.  XUI,  1910,  p.  729  and  Fig.  8. 
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with  them  in  believing  that  vegetation  does  not  gain  a  foothold  ahnost  at  once  on  areas 
uncovered  by  glacial  ice  where  unconsolidated  deposits  are  present  and  seeding  possible. 
They  have  estimated  that  this  advance  took  place  50  years  or  so  ago,  while  we  are  more 
inclined  to  ascribe  the  building,  or  at  least  the  last  modification  of  this  moraine,  and  the 
destruction  of  these  trees,  to  the  advance  that  occurred  about  1892  or  to  an  earlier  ad- 
vance only  a  few  years  before  that  date,  and  certainly  not  as  long  ago  as  1859. 

A  section  revealed  in  this  glacial  deposit  by  a  wave-cut  cliff  near  the  western  end  shows 
the  following  succession,  indicating  at  least  two  advances  here. 

Section  o^  Glacial  Drift  neab  Columbia  Glacieb 

Present  surface,  with  morainic  topography  and  growing  shrubs. 

Till,  with  blue  clay  and  angular,  striated  stones. 

Trunks  of  trees,  and  cones  and  fragments  of  bark. 

Till,  with  large  angular  glaciated  bowlders. 

Bedrock,  with  glacial  striae. 
The  lower  till  surface  was  an  undulating  one,  evidently  produced  by  irregular  erosion 
of  the  lower  till  mass. 

Former  Stages  of  Columbia  Glacier.  There  are  many  facts  to  prove  that  Columbia 
Glacier  is  now  far  less  extensive  than  formerly,  and  that  at  an  earlier  stage  it  was  a  tribu- 
tary of  the  great  Prince  William  Sound  glacier.  Near  Columbia  Glacier  the  cirques> 
hanging  valleys,  roches  moutonn^es  hills,  over-steepened  lower  slopes,  truncated  spurs, 
the  generally  rounded  topogn^hy  produced  by  glacial  sculpture,  and  the  glacial  deposits 
testify  to  this  former  expanded  stage  of  glaciation.  How  thick  the  ice  was  at  maximum 
has  not  been  determined  exactly.  Heather  Island,  857  feet  high,  was  glaciated  to  the 
top.  The  mountain  spur  southeast  of  the  ice  tongue  was  glaciated  as  high  as  we  climbed 
it,  the  elevation  of  the  photographic  station  at  timber  line  there  being  1497  feet.  From 
a  distance  the  great  nunatak  has  the  rounded  appearance  of  having  been  glaciated  dear 
to  the  top,  3664  feet,  though  this  is  not  certain.  Gilbert  places  the  height  of  glaciation 
in  Columbia  Bay  at  4000  feet.^ 

Between  this  great  maximum  and  the  present  stage  of  expansion,  and  with  unknown 
intermediate  episodes,  there  has  evidently  been  notable  recession  of  the  glacier,  proved 
by  forests  upon  the  mountain  spurs  above  the  upper  glacier  for  a  distance  of  at  least  six 
or  seven  miles  from  the  present  terminus,  and  upon  the  lower  slopes  of  the  great  nunatak. 
It  is  conceivable,  though  hardly  probable,  that  the  forest  may  have  migrated  to  the 
nunatak  along  the  eastern  ice  margin  with  the  glacier  as  expanded  as  now;  but  it  is  much 
more  difficult  to  believe  that  the  forest  on  the  western  side  has  migrated  so  far  up  the 
margin  of  a  clear  ice  glacier.  The  farthest  trees  seen  were  on  the  northern  side  of  the 
second  embayment,  or  tributary,  on  the  western  side  of  the  glacier.  They  seemed  to  be 
spruces.  The  greenish  tint  of  the  lower  slopes  beyond  the  next  tributary  suggested 
vegetation  there,  perhaps  shrubs  like  the  alder,  but  no  trees  could  be  detected  with  the 
field  glasses.  This  last  locality  is  over  ten  miles  from  the  present  ice  front.  Gilbert 
interpreted  the  bending  of  moraines  into  the  first  embayment  as  evidence  that  the  189^ 
maximum  was  preceded  by  an  important  minimum,'  and  we  are  inclined  to  interpret 
this  distribution  of  forest  in  the  same  way.    Grant  and  Higgins  have  inferred  a  retreat 


1  Op.  cit.,  p.  174. 
•  Op.  cit.,  p.  80. 


COLUMBIA  GLACIER  «87 

previous  to  1892,  though  not  necessarily  of  more  than  a  mile,  on  the  basis  of  the  marine 
shells  close  to  the  ice  front,  assuming  that  these  sea  forms  would  not  thrive  in  such  cold, 
milky  water.^ 

That  the  glacier  has  not  recently  been  as  far  out  as  in  1892  and  1910,  is  proved  by  the 
extension  of  mature  forest  with  trees  at  least  75  to  100  years  old,  up  to  the  very  border 
of  the  ice.  Peat  three  or  four  feet  thick  has  accumulated  in  grassy  glades  on  hilltops 
and  flattish  ground,  while  living  trees  grow  only  on  rock  or  other  drained  elevations  and 
along  stream  courses,  dead  trunks  standing  where  overwhelmed  by  the  thickening  tundra 
masses.  These  relationships  of  vegetation,  which  require  time  for  their  establishment, 
are  found  in  Prince  William  Sound  but  not  in  the  Yakutat  Bay  region,  where  the  glaciers 
were  recently  much  more  expanded.  Into  these  vegetation  areas  the  advancing  ice  of 
1892  and  1909-10  plowed  its  way. 

Perhaps,  as  Gilbert  suggests,  the  important  minimum  of  Columbia  Glacier  that  pre- 
ceded the  1892  advance  occurred  in  the  nineteenth  century,  when  Petroff  does  not  men- 
tion a  tidal  glacier  in  Columbia  Bay,  though  he  does  assign  one  to  Port  Valdez.  As  we 
have  attempted  to  show  in  our  preceding  discussion  of  the  subject,  there  are  grave  rea- 
sons for  doubting  the  existence  of  a  large  tidal  glacier  in  Port  Valdez  fiord  at  the  time 
Petroff  mentions. 

Within  a  year  or  so  of  1892  Coliunbia  Glacier  had  an  important  advance,  since  which 
there  have  been  two  periods  of  retreat  and  two  of  advance,  the  last  of  which  was  still  in 
progress  in  1911. 

The  cause  for  these  recent  oscillations  is  not  known.  They  may  be  climatic  or  they 
may  be  due  to  earthquake  avalanching.  If  the  latter  is  the  cause,  we  should  be  inclined 
to  ascribe  the  advances  to  avalanches  during  earthquakes  in  the  Chugach  Mountains, 
not  to  the  Yakutat  Bay  earthquakes  of  September,  1899.  Both  climatic  and  seismic  data 
are  too  meagre  for  settling  this  question,  but  in  1907-08  there  was  a  148  inch  increase  of 
snowfall^  at  Valdez,  25  miles  to  the  east,  (from  299  inches  in  1906-07  to  447  inches  in 
1907-08).  The  1900-07  snowfall  at  Valdez  seems  to  be  below  the  normal  amount.  It 
decreased  to  187  inches  in  1904-05.  There  was  a  dS7  inch  increase  in  snowfall  at  Valdez 
(Fort  Liscum)  during  the  winter  of  1901-02  (see  table  at  end  of  Chapter  XV).  On  the 
other  hand,  there  were  severe  earthquakes  in  this  part  of  the  Chugach  Mountains  in 
May,  1896,  August,  1898,  October,  1900,  March,  1903,  and  February,  1908. 

Since  the  1892  advance,  whose  cause  we  will  not  discuss,  the  first  of  the  recent  advances 
came  between  1899  and  1905,  and  may  have  been  due  to  the  1896  or  1898  or  1900  earth- 
quakes. The  advance  which  was  in  progress  at  the  time  of  our  visits  in  1909  and  1910 
probably  began  in  1907  and  1908  and  may  have  been  caused  by  one  of  the  preceding 
earthquakes,  or,  as  already  suggested,  it  may  be  that  both  advances  were  caused  by  varia- 
tions of  snowfall  or  of  temperature.  In  the  latter  case  other  adjacent  glaciers  should 
have  advanced  and  retreated,  for  notable  temperature  variation  can  hardly  be  as  localized 
as  precipitation  may  be. 

In  view  of  the  limited  data  at  hand  it  is  not  profitable  further  to  discuss  the  cause  of 
the  fluctuations  of  Columbia  Glacier,  though  we  are  convinced  that  it  is  well  worth  while 

1  Grant,  U.  S.  and  Higgins,  D.  F.,  Gladen  of  the  Northern  Part  of  Prince  William  Sound,  Bull.  Amer.  Geog. 
Soc-,  Vol.  XLII,  1910,  pp.  729-731. 
« Blartin,  Lawrence,  Zeitschrift  fttr  GleUcherkunde,  Band  VII,  1913,  pp.  28-31. 


288  ALASKAN  GLACIER  STUDIES 

to  call  attention  to  the  possibility  of  explaining  them  by  earthquakes.  There  is»  however^ 
one  very  notable  difference  between  the  oscillations  of  Columbia  Glacier,  and  the  advance 
of  the  Yukatat  Bay  glaciers  in  response  to  the  1899  earthquakes.  The  latter  advanced 
spasmodically  and  rapidly,  they  were  transformed  in  a  few  months'  time,  and  the  ad- 
vances were  short  lived;  the  Coliunbia  Glacier  has  moved  more  slowly,  continuing  its 
advance  a  longer  time  and  gradually  increasing  its  rate  of  forward  movement  from  nine- 
tenths  of  a  foot  a  day  in  1908  to  9^  feet  a  day  in  1910.  This  less  abrupt  change  is 
more  like  that  of  the  glaciers  in  regions  like  the  Alps,  where  climatic  fluctuation  is  as- 
signed to  explain  the  advances  and  retreats.  Even  this  difference,  however,  need  liot 
eliminate  the  earthquake  theory,  for  the  rate  and  extent  of  the  advance  in  response  to 
earthquake  shaking  would  normally  vary  with  the  intensity  and  duration  of  the  shaking, 
as  it  would  with  variation  in  the  amount  and  duration  of  a  climatic  change.  Such  spec- 
tacular response  as  has  been  shown  by  the  Yakutat  Bay  glaciers  is  hardly  to  be  conmionly 
expected.  We  believe  the  earthquake  theory  a  possible  and  rational  explanation  of  the 
recent  fluctuations  of  Columbia  Glacier  front;  but,  as  between  it  and  the  climatic  theoiy, 
we  have  no  facts  upon  which  to  either  eliminate  the  one  or  establish  the  other. 


CHAPTER  XV 

THE  GLACIERS  OF  UNAKWIK  INLET  AND  COLLEGE  FIORD 


Unakwik  Inlet 

General  Topography,  Unakwik  Inlet  is  a  large  fiord  west  of  Columbia  Bay.  It  is 
about  20  miles  long,  trending  north  and  south,  and  having  an  average  width  of  about 
2  miles.  On  the  west  side  of  it  are  Jonah  Bay  and  Siwash  Bay»  and  on  the  east  is  a 
large  cove,  at  the  head  of  which  is  Miner's  River.  About  2  miles  from  the  head  the 
inlet  narrows  to  a  half  mile  and  turns  at  right  angles  nearly  eastward.  Here  it  is  ter- 
minated by  a  large  ice  tongue,  Meares  Glacier,  the  only  glacier  in  this  fiord  which  reaches 
tidewater;  but  Brilliant  Glacier,  Ranney  Glacier,  and  a  number  of  smaller  ice  tongues 
are  visible  from  the  inlet  and  send  streams  down  nearly  to  it. 

Meares  Glacier.  This  ice  tongue  (Fig.  S7),  which  has  a  known  length  of  about  6 
miles,  is  made  up  of  two  smaller  glaciers  (PL  CXII,  B)  which  unite  a  mile  and  three- 
quarters  from  the  terminus.  It  is  a  clean  white  ice  stream,  severely  crevassed  throu^- 
out  its  visible  extent,  and  carrying  one  rather-weak  medial  moraine,  which  comes  from 
the  junction  of  the  two  chief  tributaries,  and  is  pushed  over  so  near  the  south  side  of 
the  glacier  that  the  north  tributary  is  shown  to  be  larger  and  more  vigorous  than  that 
from  the  east.  There  is  a  strong  lateral  moraine  on  the  north  side  but  none  on  the 
south.  At  tidewater  the  glacier  has  a  width  of  one  mile,  and  a  terminal  cliff  over  200 
feet  high,  from  which  so  many  icebergs  are  discharged  that,  at  the  narrows  in  Unakwik 
Inlet  it  is  usually  difficult  to  force  a  boat  through  them.  There  are  several  very  pretty 
cascading  glaciers  on  the  mountain  slopes  near  Meares  Glacier. 

The  first  known  description  of  Meares  Glacier  was  made  in  1790  by  the  Spanish 
explorer  Fidalgo,  who  did  not  name  the  glacier,  but  on  the  chart  of  the  Stitil  y  Mex- 
icana  called  Unakwik  Inlet  by  the  name  Puerto  de  Revilla  Gigedo.  Don  Francisco 
Eliza,  the  commander  of  this  expedition,  refers  to  the  glacier  as  ^'Volcan  de  Fidalgo.'' 
Fidalgo's  description  of  the  region  as  he  saw  it  on  June  15,  1790,  quoted  by  Davidson 
from  a  manuscript,  is  as  follows:  ^ 

"So  soon  as  they  arrived  at  the  mouth  of  a  sheltered  harbor,  almost  at  the  northern- 
most part  of  the  bay,  they  observed  the  latitude  to  be  60^  54^  and  heard  many  sub- 
terranean explosions  or  thunderings  which  increased  as  the  sun  approached  the  me- 
ridian. Conducted  by  their  Indian  guides  to  the  interior  of  this  harbor,  they  discov- 
ered in  its  depths  to  the  north,  a  great  level  tract  of  snow  which  came  to  the  water's 
edge,  and  ended  at  the  base  of  the  high  mountains.  Hardly  had  they  seen  this,  when 
they  noticed  that  with  each  subterranean  roar  a  mass  of  snow  was  thrown  up  from 
the  center  of  the  plain  about  half  the  size  of  the  launch;  fearful  lest  they  should  be 

>  Davidson,  George,  The  Glaciers  of  Alaska  That  are  Shown  on  Russian  Charts  or  Mentioned  in  Older 
Narratives.    Trans,  and  Proc.  Geog.  Soc.,  Pacific,  Vol  3,  1904,  pp.  82-83. 

19  ,    889 


«90  ALASKAN  GLACIER  STUDIES 

overwhelmed  or  destroyed  in  this  port,  th^  did  not  ccmtinue  their  examinatiwi  oi 
that  phenomeDon,  whidi  is  undoubtedly  worthy  the  attention  and  investigation  of  a 
naturalist." 

Unakwik  Inlet  waa  visited  by  Lieutenant  Whidbey  (rf  Vancouver's  expedition  on 
June  9,  1794,  the  description  being  as  follows:  * 

"This  arm  was  found  to  take  a  north  direction,  in  general  about  a  league  wide,  and 
to  terminate  at  the  distance  of  about  four  leagues,  at  the  foot  erf  a  continuation  al  the 
range  of  lofty  mountams  before  mentioned  Its  upper  parts  were  much  incumbered 
with  ice,  as  were  both  the  eastern  and  western  aides  with  innumerable  rocks,  and  some 


FiQ.  37.    Mearm  Glacies,  Unakwik  Ihlvt,  in  1910. 


islets."  The  mention  of  ice  in  the  upper  part  of  this  bay  shows  that  Meares  Glader 
still  reached  tidewater  in  1794,  though  Whidbey  probably  did  not  go  far  enough  to 
see  it. 

In  1905  and  190S,  U.  S.  Grant  went  to  the  head  of  this  fiord,  and  in  the  latter  year 
Grant  and  Higgins  mapped  the  inlet  and  glacier,  which  they  named.*  They  show  that 
Meares  Glacier  is  nearly  twice  as  long  as  was  indicated  on  previous  maps,*  heading 

1  Vancouver,  George,  A  Voyage  at  Dbcovery  to  the  North  Fadfic  Ocean  and  Around  the  Worid,  Vol.  V, 
LondoD.  1801.  p.  316. 

I  Grant,  U.  S.  and  Higgini,  D.  P.,  Gladen  or  the  Northern  Fart  of  Prince  Wniiam  Sound,  Bull.  Amer. 
Geog.  Soc.,  Vol,  XLtl,  1010.  pp.  730-738;  Joum.  Geol.,  Vol.  XI,  190S,  p.  407;  Bull*.  443,  U.  5.  Geol.  Sarrey. 
PI.  II.  and  378,  PI.  IV. 

•  U.  S.  Coajt  and  Geod.  Survej',  Chut  8U0, 1009. 
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nearly  as  far  north  as  Yale  Glacier  instead  of  at  a  point  nearly  east  of  Crescent  Glacier 
in  College  Fiord. 

The  National  Geographic  Society's  expedition  of  1910  spent  July  12th  to  14th  in  the 
study  of  Meares  Glacier  and  Unakwik  Inlet,  also  making  the  hachure  map  of  the  gla- 
cier reproduced  as  Fig.  S7  and  the  soundings  shown  on  Fig.  38.^ 

Grant  has  stated  '  that  in  1905  ''the  bushes  and  trees  were  close  to  the  ice  and  there 
was  no  bare  zone,  or  at  most  a  very  narrow  one,  visible  between  the  ice  and  the  forest. 
In  1909  the  front  of  the  ice  seemed  to  be  a  little  in  advance  of  its  position  of  four  years 
before.  At  the  later  date  near  the  front  of  the  glacier  on  the  south  side  was  a  brown 
zone  estimated  to  be  200  feet  in  width.  This  brown  zone  appeared  to  have  been  caused 
by  dead  vegetation  rather  than  by  bare  rock,  and  at  the  edge  of  the  ice  there  were  a 
few  small  trees.  Close  to  the  glacier  there  was  a  sparse  forest  which  contained  trees 
estimated  to  be  ten  inches  in  diameter.  Hence  the  ice  was  probably  as  far  forward  in 
1909  as  it  has  been  during  the  last  hundred  years." 

In  1910  the  north  edge  of  the  glacier  (PL  CXIII)  had  advanced  slif^tly  since  the  year 
before,  as  was  shown  by  a  comparison  of  photographs  and  by  the  nearly  vertical  ter- 
minal ice  cliff  on  the  beach,  at  the  base  of  which  were  freshly-fallen  ice  blocks.  Near 
the  southern  side  we  were  unable  to  determine  positively  whether  the  glacier  had  re- 
mained stationary  from  1909  to  1910,  or  whether  there  had  been  a  slight  retreat.  A 
mass  of  ice,  clinging  to  the  mountain  side  at  sea  level,  was  connected  with  the^glacier 
in  1909,  but  by  July,  1910,  had  been  detached  by  melting.  It  is  ea^  to  understand 
the  advance  of  one  side  of  this  glacier  and  the  stationary  condition  or  slight  retreat 
of  the  other,  in  view  of  the  fact  that  the  tributary  from  the  east  is  relatively  inactive, 
while  the  one  from  the  north  was  more  active  in  1910  than  in  the  year  before. 

This  difference  in  activity  of  the  tributaries  is  shown  by  the  conditions  along  the 
margins  of  the  glacier  below  their  junction.  On  the  south  margin  there  was  no  change 
in  condition  during  the  last  two  years  of  observation,  while  along  the  north  margin  the 
glacier  was  spreading  as  well  as  advancing,  everywhere  extending  up  to  the  forest  and 
uprooting  the  turf,  in  places  pushing  back  into  and  even  overriding  the  forest.  These 
conditions  were  observed  both  at  the  terminus  and  up  to  the  turn  in  the  glacier.  Slivers 
of  ice  projected  among  the  alders  and  spruces  and  small  push  moraines  of  till  and  turf 
were  seen.  Several  spruces,  not  yet  overturned,  stood  at  the  very  ice  margin,  here 
stained  dark  colored  with  lateral  moraine. 

In  the  quotation  given  above.  Grant  refers  to  a  brown  zone  of  dead  vegetation  on 
the  south  margin  of  the  glacier  in  1909,  and  this  was  not  overridden  in  1910.  It  may 
be  interpreted  as  the  result  of  forest  destruction  during  an  advance  of  the  east  tribu- 
tary before  1909.  One  mature  tree,  tilted  during  the  advance,  stood  at  the  edge  of 
this  brown  zone  and  there  were  several  young  shrubs  at  the  very  edge  of  the  ice. 

The  terminus  of  the  glacier  was  precipitous  in  1910,  as  if  the  end  were  in  deep  water, 
and  at  a  distance  of  a  half  mile  the  fiord  is  534  feet  deep,  suggesting  that  the  end  of  the 
glacier  is  not  afloat. 

We  agree  with  Grant  that  Meares  Glacier  is  probably  as  far  advanced  now  as  it  has 
been  in  the  last  century.    There  is  considerable  forest  on  the  mountain  slope  above  the 

1  Martin,  Lawrence,  The  National  Geographic  Society  Researches  in  Alaska,  Nat.  Geog.  Mag.,  Vol.  22, 
1011,  p.  551. 
>  Bull.  Amer.  Geog.  Soc.,  Vol.  XLU,  1010.  p.  738. 
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glacier,  and  on  its  north 
side,  but  on  the  south 
side  the  thick  forest  ends 
almost  exactly  on  a  line 
with  the  edge  of  the  ic^ 
there  being  only  a  very 
few  scattered  trees  be- 
yond. There  is  some  al- 
der on  the  spurs  between 
the  two  tributaries,  but 
no  spruce. 

Baime^,  Brilliant,  Po- 
dro,  and  Smaller  Glaci^f. 
Ranncy  Glacier  of  Una^ 
kwik  Inlet  is  a  cascading 
ice  tongue  (Rg.  87)  west 
of  Meares  Glacier.  It 
ends  a  thousand  feet  <» 
more  above  the  level  of 
the  fiord,  as  do  Babjr 
Glacier  and  several  small 
unnamed  ice  tongues. 

Brilliant  Glacier  is  a 
cascading  glader  on  the 
east  side  of  the  fiord 
(Fig.  38),  of  nearly  the 
same  size  and  qipear- 
ance  as  the  well-known 
Illecillewaet  Glader  in 
the  Canadian  Rockies. 
Instead  of  ending  high 
above  the  fiord,  how- 
ever, as  the  Ranney 
Glacier  does,  it  extends 
down  a  steep  slope  neariy 
to  sea  level.  From  its 
terminus  a  stony  out- 
wash  plain  and  delta 
extend  southwestward 
nearly  a  mile  and  a  half 
to  the  fiord.  In  this  val- 
ley bottom  and  on  the 
delta  are  mature  spruces. 

Nothing  is  known 
about  previous  advances 
or  retreats  of  these  small 
glaciers,  thou^  the  fact 
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that  spruce  jextends  up  to  the  lips  of  several  hanging  valleys  on  the  west  side  of  the 
fiord  shows  that  ice  tongues  have  not  extended  out  of  these  vall^s  for  a  century 
or  more.  Absence  of  spruce  on  spurs  between  hanging  valleys  may  be  attributed  to 
snowslides.  Ranney  Glacier  has  evidently  been  retreating  for  several  years  because 
there  is  a  large  barren  zone  in  front  of  it,  marking  the  distance  to  which  the  glacier 
had  advanced  during  the  last  maximum.    Mature  alders  extend  up  to  this  barren  zone, 

Pedro  Glacier  heads  in  snowfields  south  of  Brilliant  Glacier  terminating  8^  miles  east 
of  Unakwik  Inlet  and  sending  a  small  stream  through  two  lakes  to  the  cove  of  Miner's 
River.  Muth  Glacier,  and  three  small  ice  tongues  in  an  enormous  cirque  at  the  base 
of  Unakwik  Peak,  terminate  1^  to  2^  miles  west  of  the  heads  of  Jonah  and  Siwash  Bays 
respectively. 

Glacial  Modifications  of  the  Fiord.  Throughout  Unakwik  Inlet  there  is  evidence  of 
profound  glacial  erosion  at  a  time  when  the  Meares  Glacier  was  much  larger,  receiving 
Ranney,  Brilliant,  Pedro  and  many  small  ice  tongues  as  tributaries,  and  occupying 
all  of  Unakwik  Inlet,  forming  one  of  the  great  tributaries  of  the  piedmont  glacier  of 
Prince  William  Sound.  There  is  also  evidence  of  local  erosion  by  the  former  tributa- 
ries of  the  Unakwik  Inlet  Glacier;  for  example,  in  the  enormous  cirque  east  of  Una- 
kwik Peak  which  has  been  cut  back  so  far  as  to  form  a  narrow  arr6te  between  Unakwik 
Inlet   and    College   Fiord   on   which 

Unakwik  Peak  is  the  highest  point.    A  j/jv^j/^    B^r        J^J^I^L^mmm 

similar  narrow  arr6te  has  been  devd-     XXyX/y^yy^/^^^^^^^^^^^^^ 
oped   between  Meares  and  Brilliant 
Glaciers.  J  J  J  \wi£s 


The  main  channel  of  Unakwik  Inlet     Rq,  39,    Natural  Scaub  CaoBB-STCnoN  of  Unaxwdl 
has  the  typical  fiord  topography,  that  Inudt. 

is,  it  is  straight  and  simple  and  has  no  Submerged  hanging  vall^  of  ^waah  Bay. 

spurs  entering  from  either  side,  as  a 

stream-eroded  valley  does.  Instead,  the  spurs  are  all  cut  o£P  with  triangular  facets  and 
the  fiord  walls  are  eroded  smoothly,  although  the  width  of  the  fiord  varies  from  place  to 
place.  At  the  point  where  it  is  narrowest,  in  the  turn  west  of  Meares  Glacier,  one  wall  of 
the  fiord  is  very  much  steeper  than  the  other.  As  might  be  expected,  the  west  wall  is  the 
steeper,  this  being  the  side  on  which  the  ice  must  have  eroded  most  efficiently  while  the 
glacier  was  making  this  abrupt  turn.  The  spur  east  of  this  curve  slopes  more  gradually. 
The  tributary  vall^s  that  enter  the  inlet  bear  various  relationships  to  the  present 
water  level  in  the  fiord.  Some  of  them  enter  at  or  just  below  sea  level, — ^for  example. 
Miner's  River.  Others  end  in  the  air  and  have  streams  which  cascade  down  from  the 
lips  of  hanging  valleys  (h.  Fig.  88).  Ranney  Glacier  is  in  such  a  hanging  valley,  and 
there  are  several  others  south  of  it  on  the  west  side  of  the  fiord,  some  of  them  with  a 
discordance  of  several  hundred  feet.  There  are  also  two  hanging  valleys  on  the  east 
of  the  fiord.  Still  other  tributary  valleys  are  occupied  by  bays  and  it  was  not  known 
that  these  were  hanging  valleys  until  soundings  were  made  in  1910.  These  soundings 
show  conclusively  that  the  hanging  relationship  exists  in  Siwash  Bay  (Fig.  89), 
which  hangs  790  feet  above  the  bottom  of  the  Unakwik  Inlet.  Although  soundings 
were  not  made  in  Jonah  Bay,  it  presumably  has  the  same  relationship.  The  channel 
behind  the  long  island  just  south  of  Miner's  River,  with  a  depth  of  1£6  feet,  and 
the  channel  between  the  mainland  and  Olsen  Island,  at  the  south  end  of  Unakwik 
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Inlet,  with  a  depth  of  276  feet  (Fig.  88),  show  differential  glacial  erosion  in  these  nar- 
row passages,  for  the  main  channel  is  deeper  in  each  case.  These  small  channels  are 
analogous  to  hanging  valleys,  but  are  discordant  at  both  ends. 

In  general,  the  soundings  reveal  Unakwik  Inlet  as  a  U-shaped  glacial  trough  (Fig.  89) 
with  about  the  same  valley  slopes  below  sea  level  as  above.  The  fiord  bottom,  with 
depths  of  534  to  1266  feet  has  a  basined  character,  which  is  interpreted  as,  in  part  at 
least,  due  to  glacial  deposits. 

The  most  striking  of  these  irregularities  is  a  barely  submerged  reef  (Fig.  88)  10| 
miles  south  of  Meares  Glacier  and  just  north  of  the  mouth  of  Jonah  Bay.  At  this 
point  (M,  Fig.  40),  a  reef  rises  700  to  750  feet  above  the  fiord  bottom  and  extends  con- 
tinously  across  the  fiord,  its  presence  being  manifested  at  the  surface  by  a  pair  of  bars, 
each  extending  nearly  half  way  across  the  inlet.  Just  west  of  the  middle  of  the  fiord,  the 
channel  has  a  maximum  depth  of  about  15  feet  at  low  tide,  while  at  high  tide  the  pair 
of  projecting  points  is  crossed  by  several  channels.  The  presence  of  a  shoal  here  was 
observed  by  Glenn  in  1898  when  his  small  steamer  struck  the  reef  in  mid-channel.^ 

This  shoal  is  thought  to  be  a  terminal  moraine  rather  than  a  rock  reef  or  a  pair  of 
sand  spits  built  out  from  either  shore,  both  because  it  rises  out  of  deep  water  at  a  point 
where  glacial  erosion  must  have  originally  made  the  channel  nearly  if  not  quite  as  deep 
as  it  is  to  the  north  and  south,  and  because  the  surface  of  the  reef  and  the  projecting 
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points  on  each  side  of  the  fiord,  where  not  covered  by  sand,  are  made  up  of  rocks  of 
variable  sizes  and  shapes,  bearing  glacial  striations,  and  including  masses  far  too  large 
to  have  been  transported  here  by  any  agency  except  a  glacier.  If  the  shoal  is  made  up 
of  morainic  material  from  top  to  bottom,  the  presence  of  a  moraine  over  700  feet  in 
height  shows  that  the  ice  front  must  have  stood  at  this  point  for  a  long  time  in  order 
to  accumulate  so  large  a  deposit,  for  the  accumulation  of  glacial  material  in  the  water 
is  thought  to  be  very  slow.  At  the  surface  the  bar  differs  from  the  terminal  moraine 
on  the  land  in  the  absence  of  unassorted  clay;  but  even  though  made  in  the  main  of 
till  the  absence  of  clay  in  the  upper  portion  is  easily  explained  by  the  tidal  currents  which 
Glenn  estimated  to  run  at  the  rate  of  10  knots  an  hour.  These  might  easily  have  washed 
away  the  clay  and  left  only  the  large  rocks,  upon  which  sand  spits  have  been  built  f rcmi 
either  shore.  On  the  basis  of  this  interpretation  the  deposit  may  be  referred  to  as  a 
moraine  bar. 

Five  miles  south  of  this  moraine,  and  just  south  of  the  mouth  of  Siwash  Bay  is  a 
second  rise  in  the  bottom  of  the  fiord  (N,  Fig.  40).  It  rises  156  to  228  feet  above  the 
fiord  floor,  although  the  water  is  750  feet  deep  on  its  crest.  It  is  impossible  to  state 
definitely  whether  this  is  a  recessional  moraine  or  whether  it  is  a  reef  of  more  resistant 
rock  which  was  left  by  glacial  erosion  as  a  result  of  glacial  scooping  just  to  the  north. 
If  the  latter,  the  depression  to  the  north  (756  to  906  feet  deep)  is  a  rock  basin  produced 

>  Glenn,  E.  F.,  Reports  of  Explorations  in  the  Territory  of  Alaska,  No.  XXV,  War  Dept.,  Adj.-Gen.  Office. 
1899,  p.  25. 
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by  glacial  erosion.  If  the  low  ridge,  or  swell,  is  a  moraine  it  is  an  accumulation  inter- 
rupting the  normal  slope  of  the  fiord  bottom  which  descends  from  a  dqpth  of  756  feet 
south  of  the  Jonah  Bay  moraine,  to  1104  feet  at  the  entrance  to  Unakwik  Inlet. 

Four  and  a  half  miles  north  of  the  Jonah  Bay  moraine  bar,  and  just  west  of  the 
mouth  of  Miner's  River,  is  a  third  submarine  irregularity  (O,  Fig.  40),  interrupting 
the  slope  of  the  fiord  bottom,  which  is  534  feet  deep  at  the  end  of  Meares  Glacier  and 
708  feet  near  Jonah  Bay,  with  intermediate  depths  of  over  800  feet  on  either  side  of 
the  swell  in  the  fiord  bottom.  The  ridge  near  Miner's  River  rises  800  feet  above  the 
fiord  bottom  to  the  north,  and  246  feet  above  that  to  the  south;  but  its  crest  lies  be- 
neath 582  feet  of  water.  As  in  the  last  case,  it  is  difficult  to  interpret  this  shoal,  which 
may  be  either  an  unremoved  rock  ridge  due  to  basining  of  the  fiord  bottom  or  a  glacial 
deposit.    For  the  following  reasons,  it  seems  quite  possible  that  it  is  the  latter. 

Miner's  River,  which  is  the  outlet  of  Boot  Lake  and  a  smaller  lake  below  it»  is  sup- 
plied by  a  stream  from  Pedro  Glacier.  At  the  time  when  Meares  Glacier  occupied  the 
whole  of  Unakwik  Inlet,  Pedro  Glacier  was  one  of  its  tributaries  and,  as  a  much  smaller 
glacier,  should  not  have  been  able  to  erode  as  efficiently  as  the  main  ice  tongue.  In 
the  case  of  the  small  glaciers  of  about  the  same  size  as  Pedro  Glacier,  which  occupied 
Jonah  Bay  and  Siwash  Bay,  the  inequality  of  glacial  erosion  resulted  in  these  bays 
being  left  as  submerged  hanging  valleys.  The  valley  occupied  by  Miner's  River,  how- 
ever, does  not  now  have  the  hanging  valley  relationship  to  the  main  fiord,  for  the  water 
is  884  feet  deep  at  the  head  (Fig.  88),  and  489  feet  deep  in  the  entrance  of  the  cove, 
while  opposite  this  cove,  in  the  middle  of  the  main  fiord,  the  depth  is  only  582  feet. 
The  hills  near  the  outlet  of  Miner's  River,  however,  separating  Boot  Lake  from  the 
main  fiord  seem  to  be  morainic  accumulations,  and  it  is  quite  likely  that  Boot  Lake 
is  a  former  branch  of  Unakwik  Inlet  similar  to  Siwash  Bay  but  separated  from  the 
main  bay  by  morainic  deposits.  It  is  therefore  considered  possible  that  the  Boot  Lake 
valley  is  a  submerged  hanging  valley  of  the  usual  kind,  but  that  the  discordance  is 
not  revealed  because  glacial  accumulations  were  made  directly  opposite  the  mouth» 
shallowing  the  water  from  850  feet,  or  thereabouts,  to  582  feet. 

Just  inside  the  mouths  of  Jonah  Bay  and  Siwash  Bay  are  shoab,  and  Siwash  Bay 
is  deeper  a  mile  or  two  back  from  the  entrance  (144  feet),  than  at  its  junction  with 
the  main  fiord,  where  its  depth  is  only  74  feet.  In  these  cases  also  it  has  not  been  pos- 
sible to  determine  whether  the  shoab  are  glacial  accumulations  or  rock  reefs. 

The  foregoing  statement  makes  it  clear  that  there  is  only  one  large  accumulation  in 
Unakwik  Inlet  which  can  be  actually  demonstrated  to  be,  at  least  in  part,  a  recessional 
moraine.  This  is  the  moraine  bar  rising  nearly  or  quite  to  the  surface  in  the  main  fiord 
opposite  the  mouth  of  Jonah  Bay.  The  shoal  to  the  north,  near  Miner's  River,  is  pos- 
sibly a  recessional  moraine  while  that  to  the  south  is  more  doubtful.  If  all  three  of 
these  are  morainic  accumulations,  however,  they  furnish  interesting  evidence  of  the 
intervals  between  halts  in  Meares  Glacier  as  it  retreated  northward  from  Prince  Wil- 
liam Sound  to  its  present  position.  It  is  five  miles  from  the  southernmost  moraine  to 
the  one  at  Jonah  Bay,  and  4J  miles  from  there  to  the  one  opposite  Miner's  River  which 
is  6^  miles  from  the  present  ice  front,  perhaps  indicating  that  the  glacier  halted  long 
enough  to  build  these  deposits  at  rather  even  intervab. 

An  alternate  explanation  of  the  irregularities  in  the  bottom  of  Unakwik  Inlet  might 
be  a  rhythmic  swing  of  erosion  by  a  viscous  ice  body,  with  (1)  a  downward  plunge  at 
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the  882  foot  basin  opposite  and  below  Brilliant  Glacier,  (2)  another  opposite  and  bdour 
Miner's  River,  (3)  a  third  near  Siwash  Bay,  (i)  a  fourth  near  Olsen  Island  (5)  with 
unconsumed  swells  between  where  the  ice  rose  after  its  plunge,  periiaps  because  a  cross 
current  ran  athwart  its  course  where  tributaries  entered. 

Above  sea  level,  in  Unakwik  Inlet,  deposits  of  glacial  origin  are  inconspicuous,  usuaUjr 
forming  only  a  veneer  of  glacial  till  on  some  of  the  mountain  slopes,  and  the  coarse 
gravel  fans,  where  the  streams  from  Brilliant,  Ranney  and  other  glaciers  enter  the  fiord* 

Coast  East  and  West  of  Unakwik  Inlet 

East  of  Unakwik  Inlet  the  mouths  of  Wells  and  Long  Bays  (PL  XCIII)  are  1404 
and  S52,  feet  deep  respectively,  llie  fiords  between,  north  of  Fairmount  and  Glacier 
Islands,  are  288  to  420  feet  deep.  Wells  and  Long  Bays  contain  no  tidal  glaciers  at 
present,  but  were  undoubtedly  sculptured  profoundly  by  the  former  ice  tongues  in 
them,  which  were  tributary  to  the  ancient  ice  sheet  of  IVince  William  Sound. 

Eaglek  Bay,  extending  parallel  to  Unakwik  Inlet  just  west  bf  Ft.  Fellew,  is  only 
5}  miles  in  length.  Eaglek  Glacier,  a  small  ice  tongue,  terminating  half  a  mile  from 
the  head  of  the  bay,  was  evidently  once  a  tributary  of  the  Frince  William  Sound  ice 
sheet,  for  the  sides  of  Eaglek  Bay  (396  feet  deep)  bear  evidence  of  glacial  erosion. 

Esther  Fassage  is  a  narrow  channel  between  Esther  Island  and  the  mainland,  con- 
necting the  east  side  of  Fort  Wells  with  Frince  William  Sound.  It  has  a  length  of  about 
twelve  miles,  a  width  of  from  less  than  a  quarter  of  a  mile  to  a  mile  and  a  quarts,  and 
is  very  sinuous  in  outline.  The  southward-trending  eastern  part  of  the  passage  has 
been  notably  modified  by  glaciation.  Its  depth,  142  feet,  near  where  a  glaciated  valley 
comes  in  from  the  north,  and  854  feet  at  the  mouth,  where  it  enters  Prince  William 
Sound,  seems  to  be  due  to  glacial  erosion.  Between  these  points  is  a  place  55^  feet 
deep,  probably  representing  a  glacial  rock  basin.  The  western  part,  which  has  a  depth 
of  66  feet  where  it  enters  Fort  Wells,  has  not  been  much  modified  by  glaciation. 

College  Fiord 

Oeneral  Description.  West  of  Unakwik  Inlet  is  Fort  Wells,  which  is  the  westernmost 
of  the  fiords  entering  Frince  William  Sound,  and  one  of  the  largest  fiords  tributaiy  to 
that  body  of  water.  Fort  Wells  has  two  branches.  College  Fiord  and  Harriman  Fiord» 
the  latter  coming  in  from  the  northwest,  the  former  from  the  northeast.  College  Fiord» 
whose  general  trend  is  north  northeast,  has  a  total  length  of  24  miles,  and  varies  in 
width  from  2  to  8  miles,  its  walls  being  nearly  everywhere  precipitous.  It  has  two 
indentations,  both  on  the  east  side,  the  southernmost  being  a  broad  cove  at  the  outlet 
of  Coghill  River  8  miles  north  of  Fort  Wells,  the  second,  Yale  Arm,  a  tributaiy  fiord 
8  miles  in  length  entering  College  Fiord  6  miles  south  of  the  head. 

Harvard  Glacier  is  at  the  head  of  College  Fiord,  Yale  Glacier  forms  the  head  of  Yale 
Arm.  There  are  eight  small  cascading  glaciers  in  the  upper  part  of  College  Fiord,  seven 
on  the  west  side,  and  one  on  the  east,  and,  of  these,  four  descend  the  fiord  wall  to  the 
water.  In  the  lower  part  of  College  Fiord,  there  are  five  moderate-sized  glaciers  on  the 
east  side,  including  Dartmouth,  Williams,  Amherst,  and  Crescent  Glaciers,  all  of  which 
now  end  some  distance  back  from  the  water.    Beside  these  glaciers  there  are  numerous 
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small  ice  masses  on  momitain  slopes  and  in  cirques,  including  Tommy  and  Cap  Gla- 
ciers, south  of  Crescent  Glacier,  and  scores  of  smaller,  unnamed  glaciers. 

Previous  Studies,  The  glaciers  of  College  Kord  were  seen  by  Whidbey  ^  of  Vancouver's 
party  in  1794,  Applegate*  in  1887,  Glenn,*  Castner,^  and  Mendenhall*  in  1898,  the  Har- 
riman  Expedition*  in  1899,  and  Grant,  Paige,  and  Higgins  in  1905  and  1909.^ 

The  most  important  of  these  visits  were  those  by  the  Harriman  Expedition  and  by 
Grant  and  Higgins.  In  1899  Gannett  of  the  Harriman  Expedition  made  a  general 
map  of  College  and  Harriman  Fiords,  showing  the  glaciers.  The  other  members  of  the 
Harriman  Expedition  also  took  many  photographs,  and  Gannett  and  Gilbert  studied  the 
glaciers  as  fully  as  their  brief  visit  permitted.  During  Grant's  several  visits  more  photo- 
graphs and  descriptions  were  made,  and  a  still  more  detailed  map  was  made  by  Higgins. 

In  1910  (July  15-25),  the  National  Geographic  Society's  Expedition  studied  the 
glaciers  and  glaciation  of  upper  College  Fiord  in  some  detail,  making  the  contour  map 
reproduced  as  Map  7  and  the  soundings  shown  on  Figs.  4S  and  Plate  CXXVL* 

Whidbey's  description  of  conditions  in  College  Fiord,  quoted  by  Vancouver,*  is  of 
considerable  interest.  In  June,  1794,  he  proceeded  up  College  Fiord,  from  Point  Pak- 
enham  at  its  southwest  entrance,  through  ''much  floating  ice."  After  going  three  miles 
''they  met  such  innumerable  huge  bodies  of  ice,  some  afloat,  others  lying  on  the  ground 
near  the  shore  in  ten  or  twelve  fathoms  water,  as  rendered  their  further  progress  up 
the  branch  rash,  and  highly  dangerous.  This  was,  however,  very  fortunately,  an  ob- 
ject of  no  moment,  since  before  their  return  they  had  obtained  a  distinct  view  of  its 
termination  about  two  leagues  further  in  the  same  direction,  by  a  firm  and  compact 
body  of  ice  reaching  from  side  to  side,  and  greatly  above  the  level  of  the  sea;  behind 
which  extended  the  continuation  of  the  same  range  of  lofty  mountains,  whose  sum- 
mits seemed  to  be  higher  than  any  that  had  yet  been  seen  on  the  coast. 

"Whilst  at  dinner  in  this  situation  they  frequently  heard  a  very  loud  rumbling  noise, 
not  unlike  loud,  but  distant  thunder;  similar  sounds  had  often  been  heard  when  the 
party  was  in  the  neighborhood  of  large  bodies  of  ice,  but  they  had  not  before  been  able 
to  trace  the  cause.  Th^  now  found  the  noise  to  originate  from  immense*  ponderous 
fragments  of  ice,  breaking  off  from  the  higher  parts  of  the  main  body,  and  falling  from 
a  very  considerable  height,  which  in  one  instance  produced  so  violent  a  shock,  that  it 

•  Vancouver,  George,  A  Voyage  of  Diaooveiy  to  the  Pacific  Ocean  and  Round  the  World,  Vol.  V,  1801, 
pp.  Sli^-S14. 

s  Applegate,  S.,  Manuflcript  map  reproduced  by  Davidflon,  George.  The  Gladera  of  Alaska  that  aro 
Shown  on  Rusnan  Charts  or  Mentioned  in  Older  Narratives,  Trans,  and  Proc.  Geog.  Soc,  Pacific,  Vol.  S, 
1004,  p.  29  and  map  XI. 

•  Glenn,  E.  F.,  War  Dept,  Adj.-Gen.  Office,  No.  XXV,  1800,  pp.  10-21,  and  map  (in  podcet). 

•  Castner,  J.  C,  Ibid,,  pp.  100-101. 

•  Mendenhall,  W.  C,  20th  Ann.  Rept.,  U.  S.  Geol.  Surv^,  Part  VII,  1000,  pp.  27S-825,  and  PI.  XIX.  A. 

•  Gannett,  Henry,  Nat  Geog.  Mag.,  Vol.  X,  1800,  pp.  510-511  and  map;  Bull.  Amer.  Geag.  Soc.,  Vol. 
XXXI,  1899,  p.  854;  Burroughs,  John,  Harriman  Alaska  Expedition,  Vol.  1, 1001,  pp.  60-70;  Gilbert,  G.  K., 
Harriman  Alaska  Expedition,  Vol.  HI,  1004,  pp.  81-80  and  map. 

'  Grant,  U.  S.  and  Higgins,  D.  F.,  Gladers  of  Port  Wells,  Prince  William  Sound,  Bull.  Amer.  Geog.  Soc., 
Vol.  XLm,  1011,  pp.  821-327;  Tidewater  Glaciers  of  Prince  William  Sound  and  Kenai  Peninsula,  Bull 
U.  S.  Geol.  Survey  (in  preparation);  Map  in  Bull.  443,  U.  S.  Geol.  Survey,  1010,  PI.  II. 

•  Martin,  Lawrence,  The  National  Geographic  Society  Researches  in  Alaska,  Nat.  Geog.  Mag.,  Vol.  XXII, 
1011,  pp.  551-554, 55G-560.  Some  Features  of  Glaciers  and  Glaciation  in  the  College  Ilord,  Prince  William 
Sound,  Alaska,  Zeitschrift  fUr  Gletscherkunde,  Band  VII,  Heft  5,  1013,  pp.  280-333. 

•  Op.  cit.,  pp.  812-314. 
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was  sensibly  fdt  by  the  whole  party»  although  the  ground  on  which  they  were  was  at 
least  two  leagues  from  the  spot  where  the  fall  of  ice  had  taken  place." 

Harvard  Glacier.  Harvard  Glacier,  at  the  head  of  College  Fiord,  is  an  ice  tongue 
certainly  over  8  miles  in  length  and  probably  at  least  twice  as  long.  It  heads  on  a  di* 
vide  at  the  crest  of  the  Chugach  Mountains  and  from  the  same  pass  Matanuaka 
Glacier  flows  northward.^  Harvard  Glacier  has  a  width  of  a  mile  to  a  mile  and  a  quarter 
in  the  portion  near  the  terminus  and  is  fed  by  six  good-sized  tributary  ^aciers  in  the 
lower  6  miles,  while  many  other  tributaries  enter  above  from  cirques  east  of  Mt.  Grant.* 
The  lower  tributaries  are  all  cascading  glaciers,  the  only  ones  named  being  Radcliffe, 
Eliot,'  and  Lowell '  glaciers.  These  cascading  tributaries  have  an  average  slope  of  185 
to  2400  feet  to  the  mile  in  their  lower  course,  while  the  average  slope  of  the  lower  4} 
miles  of  the  main  ice  tongue  is  only  700  feet  per  mile.  Harvard  Glacier  ends  in  a  tidal 
ice  cliff  850  feet  high  in  1899,  the  eastern  part  being  lowest  in  1910,  as  in  1899.  That 
the  glacier  end  is  not  afloat  is  proved  by  the  fact  that  a  half  mile  from  the  terminus 
the  fiord  is  only  636  feet  in  dqpth. 

The  surface  of  the  main  glacier  (PL  CXIV,  A)  is  severely  crevassed  throughout  its 
whole  visible  extent,  and  upon  it  are  eight  prominent  medial  moraines,  most  of  which  can 
be  traced  backward  to  a  point  where  they  enter  as  lateral  moraines  from  the  margins  of 
tributary  glaciers.  There  are  also  several  subordinate  mediab  near  the  east  side  of  the 
glacier.  The  position  of  the  medial  moraine  formed  by  the  north  lateral  moraine  of  the 
Radcliffe  Glacier,  indicates  that  in  1910  the  Radcliffe  was  almost  as  strong  as  the  main 
Harvard  Glacier  above  the  junction;  for  this  medial  moraine  reaches  the  terminal 
diff  of  Harvard  Glacier  nearly  in  the  middle,  showing  that  at  least  in  the  upper  layers 
the  ice  from  Radcliffe  Glacier  compresses  the  Harvard  stream  to  half  of  its  nonnal 
width.  This  is  also  shown  in  a  unique  way  by  the  cross-section  of  all  of  the  medial 
moraines  revealed  on  the  precipitous  front  of  Harvard  Glacier.  These  moraines,  whose 
rock  fragments  darken  the  otherwise-white  face  of  the  cliff  from  top  to  bottom,  are 
not  vertical  in  cross-section  (PI.  CXIV,  B),  but  are  inclined  at  angles  of  from  70®  to 
9St^.  The  fact  that  the  top  of  each  inclined  moraine  section  is  farther  east  than  the 
bottom,  indicates  that  the  push  of  the  Radcliffe  Glacier  which  comes  in  from  the  west 
is  responsible  for  this  inclined  position. 

It  is  possible  that  the  reason  why  the  Radcliffe  Glacier  is  able  to  dominate  the  larger 
Harvard  ice  tongue  is  because  the  Radcliffe  has  so  much  steeper  slope  than  the  Harvard. 
Its  slope  is  not  much  steeper  than  the  other  tributaries  like  the  Eliot  Glacier,  but  the 
descent  in  a  short  distance  is  greater.  It  may  be  that  this  is  only  a  superficial  influ* 
ence,  that  is,  that  Radcliffe  Glacier  flows  out  and  rides  upon  the  surface  of  Harvard 
Glacier  because  of  some  rather  recent  advance. 

There  is  a  broad  lateral  moraine  on  each  side  of  Harvard  Glacier,  the  two  lateral 
moraines  at  the  terminus  being  respectively  the  south  laterals  of  the  Radcliffe  and 
Lowell  Glaciers,  while  the  lateral  moraines  farther  north  on  Harvard  Glacier  are  di- 
verted successively  and  become  medial  moraines  below  the  entrance  of  each  of  the 
tributaries. 

» See  PI.  I.  Bull.  S27,  U.  S.  Geol.  Survey.  1907. 
•  Named  in  1910  for  Prof.  U.  S.  Grant  of  Northwestern  University. 

>  Named  in  1010  for  Charles  W.  Eliot  and  A.  Lawrence  Lowell,  the  former  president  and  the  present  presi- 
dent of  Harvard  University. 
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It  is  impossible  to  say  how  much  Harvard  Glacier  may  have  retreated  from  1794  to 
1887  and  1898,  for  the  maps  are  not  detailed  enough.  Applegate's  map,  made  in  1887, 
seems  to  indicate  that  the  terminus  of  Harvard  Glacier  had  about  the  same  relationship 
to  the  cascading  glaciers  on  the  western  side  of  College  Fiord  as  when  Gannett  made 
his  more  accurate  map  in  1899.  The  glacier  seems  to  have  changed  veiy  little  between 
1899  and  1905.  An  advance  took  place,  however,  between  Grant's  first  visit  in  1905 
and  his  second  visit  four  years  later,^  estimated  to  have  been  half  a  mile  on  the  western 
side  of  the  glacier  and  quarter  of  a  mile  on  the  eastern  side.  Gannett's  map,  made  in 
1899,  when  compared  with  the  Higgins  map  ten  years  later,  shows  clearly  that  the 
advance  could  not  have  been  so  great  as  this  without  great  retreat  from  1899  to  1905. 
In  1910  the  junior  author  compared  photographs  taken  in  1899,  1905,  and  1909  with 
conditions  in  the  field  and  is  inclined  to  think  there  was  little  if  any  retreat  from  1899 
to  1905,  and  to  place  the  advance  between  1905  and  1909  at  a  much  smaller  figure  than 
Grant  does,  probably  not  more  than  two  hundred  yards.  Between  1909  and  1910  the 
continuation  of  this  advance  amounted  to  only  100  or  150  feet. 

This  recent  advance  is  shown  clearly  in  photographs,  which  bring  out  the  forward 
movement  of  the  east  side,  and  the  overriding  of  a  narrow  barren  zone  on  the  western 
edge.  The  inclined  moraines  of  the  terminus  were  also  pushed  farther  over  by  an  ad- 
vance of  Radcliffe  Glacier  at  the  same  time.  The  advance  in  1910  resulted  in  increased 
crevassing  in  the  lateral  moraines  on  either  margin  of  HarvanKjlacier  near  the  terminus, 
and  in  the  overriding  and  destruction  of  forest  on  each  side. 

This  advance  was  actually  in  progress  when  we  visited  Harvard  Glacier  on  July  17 
to  22,  1910.  One  of  the  pronounced  effects  of  the  advance  was  the  increase  in  wave 
work  as  the  result  of  more  active  discharge  of  icebergs.  By  these  icebergs  waves  a 
delta,  built  by  the  stream  from  Downer  Glacier,  a  quarter  of  a  mile  from  the  glacier 
front  was  being  cut  away  at  a  very  rapid  rate.  A  precipitous  wave  cut  cliff  in  the  gravels 
of  this  delta  had  a  height  of  40  feet  in  1910,  most  of  the  cutting  having  taken  place 
during  the  previous  year. 

At  the  western  edge  of  Harvard  Glacier  (Fl.  CXV),  where  the  advance  in  1910  seemed 
to  be  due  to  activity  of  Radcliffe  tributary,  a  push  moraine  was  being  formed  on  the 
beach.  Along  the  glacier  margin,  a  short  distance  to  the  northward,  the  moraine  was 
made  up  largely  of  an  inextricable  tangle  of  macerated  fragments  of  trees  and  roots, 
mixed  with  soil,  moss,  peat,  gravel,  and  till.  There  were  well-developed  peat  rolls, 
and  in  places  the  push  moraine  was  15  feet  high.  One  of  the  trees  which  has  just  been 
overturned  was  a  spruce  12  inches  in  diameter  and  probably  over  100  years  old,  in- 
dicating that  the  glacier  had  not  previously  advanced  as  far  as  the  present  stage  for  at 
least  a  century.  On  this  side  of  the  fiord  as  on  the  eastern  side  there  has  been  an  in- 
crease in  activity  of  iceberg  waves  which  has  resulted  in  the  cutting  of  little  cliffs, 
and  the  uprooting  of  shrubs. 

Cascading  Glaciers  of  College  Fiord — General  Description.  On  the  western  side  of 
College  Fiord  there  are  seven  cascading  glaciers,  as  well  as  a  nimiber  of  much  smaller 
ice  masses.  These  MendenhalP  described  in  1898  as  follows:  ''Numerous  small  gla- 
ciers, easily  distinguished  from  the  unconsolidated  snow  by  the  blue  color  of  their  fronts 
and  crevasses,  hung  from  the  summits,  or  extended  down  the  slopes." 

» Grant,  U.  S.  and  Higgins,  D.  F.,  Bull.  Amer.  Geog.  Soc.,  Vol.  XLIII,  1911,  p.  325. 

*  Mendenhall,  W.  C,  Twentieth  Annual  Report,  U.  S.  Geol.  Survey,  Part  VII,  1900,  p.  272. 
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All  of  these  cascading  ice  streams  were  formerly  tributaries  to  Harvard  Giacier»  and 
they  have  been  detached  from  the  main  glacier  as  a  result  of  its  retreat  northward  past 
each  successive  cascade.  In  the  same  way  a  further  retreat  of  Harvard  Glacier  for  a 
mile  and  a  half  would  transform  Radcliffe  Glacier  into  a  separate  cascading  tongue. 

Named  in  order  from  Harvard  Glacier  southward,  these  cascading  ice  falls  are  Balti* 
more,  Smith,  Bryn  MawT,  Vassar,  Wellesley,  Barnard,  and  Holyoke  Glaciers.  On  the 
eastern  side  of  the  fiord,  opposite  Baltimore  Glacier,  is  Downer  Glacier,  which  has 
rather  recently  ceased  to  be  a  tributary  of  Hansard.  Smith,  Bryn  Mawr,  Vassar,  and 
Wellesley  Glaciers  have  sufiicient  snow  supply  so  that  they  still  extend  down  the  fiord 
wall  and  end  in  the  water  (PL  C,  B).  The  other  cascading  glaciers,  with  smaller  snow- 
fields,  end  some  distance  above  the  fiord, — 1004  feet  in  the  case  of  Baltimore  Glacier 
and  950  feet  in  the  case  of  Downer. 

The  slopes  of  these  cascading  glaciers  average  about  2500  feet  to  the  mile^  being 
very  much  greater  in  some  parts  than  in  others  because  tlie  lower  slope  of  the 
fiord  has  been  much  oversteepened  by  glacial  erosion  and  because  the  upper  parts  of 
some  of  the  glaciers  are  in  hanging  valleys.  In  each  case  the  lower,  or  cascading  por- 
tion of  these  glaciers  is  in  a  shallow  valley,  interrupting  the  slope  of  the  fiord  wall. 

Several  of  the  cascading  glaciers  have  built  terminal  moraines  and  outwash  fans  in 
the  fiord,  giving  rise  to  a  narrow  piedmont  flat  at  the  base  of  the  western  fiord  wall. 
Vassar  and  Bryn  Mawr  Glaciers  spread  out  upon  this  flat,  so  that  below  the  ioe  cascade 
there  is  a  gently-sloping  terminus  extending  from  the  base  of  the  mountain  to  the  sea. 
Wellesley  Glacier  formerly  had  such  an  expanded  foot,  but  has  retreated  so  that  a 
good-sized  cove  interrupts  the  narrow  coastal  plain,  the  glacier  ending  three  quarters 
of  a  mile  back  from  the  main  fiord.    Within  the  cove  the  water  is  48  feet  deep. 

From  Downer,  Baltimore,  Barnard,  and  Holyoke  Glaciers,  which  end  high  above 
the  fiord,  large  streams  descend  in  foaming  waterfalls,  building  deltas  where  they  enter 
the  fiord.  A  similar  stream  descends  the  fiord  wall  from  a  minor  lobe  of  Vassar  Glacier, 
which  ends  2000  feet  above  the  fiord. 

Downer  and  Baltimore  Glaciers,  This  pair  of  ice  tongues  which  would  be  the  first  ones 
to  reunite  with  Harvard  Glacier  if  there  should  be  general  advance,  have  not  changed 
greatly  since  1899,  the  period  of  photographic  observations.  Downer  Glacier^  is  a 
clean,  white  ice  tongue  with  no  moraine.  Beyond  its  end  there  is  an  extensive  barren 
zone  950  feet  above  sea  level,  which  shows  that  there  has  been  retreat  in  recent  years* 
Indeed,  fully  a  third  of  this  barren  zone  has  developed  since  1899,  and  part  of  it  may 
be  glacial  ice,  mantled  with  ablation  moraine. 

The  stream  from  Downer  Glacier  descends  through  a  steep-sided  rock  gorge,  below 
which  is  the  torrential  delta,  already  referred  to.  Upon  its  surface  were  shrubs,  none 
over  6  or  7  years  old,  indicating  that  there  had  been  no  great  activity  of  delta  building 
since  1902  or  thereabouts. 

Baltimore  Glacier,  which  is  fed  from  snowfields  that  coalesce  with  those  supplying 
Smith  Glacier,  is  also  a  clean  white  ice  mass,  with  no  moraine  except  small  mediala 
near  the  terminus.  Half  a  mile  from  the  end  it  bifurcates,  the  north  lobe  being  larger  and 
and  ending  lower  (1004  feet)  than  the  south  lobe.  A  barren  zone  about  its  terminus 
indicates  that  the  glacier  is  less  extensive  than  it  was  a  few  years  ago;  but  while  Rad- 
cliffe and  other  cascading  glaciers  to  the  south  advanced  between  1909  and  19)0,  there 

>  Named  in  1910  for  the  Mflwaukee-Downer  College  for  Women,  in  Wiironiln. 
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is  no  evidence  of  advance  in  the  Baltimore  Glacier,  that  could  be  detected  by  comparison 
of  photographs.  There  were  shrubs  at  the  very  edge  of  the  ice,  but  from  our  viewpoint 
at  sea  level  it  was  impossible  to  tell  whether  any  had  been  overridden.  Along  portions  of 
the  margin  ice  blocks  were  sliding  down  the  steep  slope  and  across  the  barren  zone. 
We  were  inclined  to  suspect  advance  in  progress  in  July,  1910,  but  could  not  be  certain. 

Smith  Glacier.  Smith  Glacier,  which  has  a  length  of  about  3}  miles  and  a  width 
of  from  1800  to  3200  feet,  is  fed  by  two  large  and  two  small  tributaries  which  head  in 
cirques  4000  to  5000  feet  above  the  fiord.  The  glacier  descends  at  the  rate  of  2200 
feet  to  the  mile  and  is  severely  crevassed.  The  lip  of  its  hanging  valley  is  at  a  level  of 
1395  feet,  and  there  are  subordinate  cascades  higher  up.  There  are  broad  dirt-stained 
areas  on  either  margin,  but  no  definite  lateral  moraines.  There  is  a  pronounced  medial 
moraine,  formed  by  two  lateral  moraines  uniting  at  the  spur  2387  feet  above  the  fiord, 
and  another  from  the  3000  foot  spur  on  the  east  wall.  The  terminus  is  a  precipitous 
ice  cliff  rising  about  100  feet  above  the  sea.  At  sea  level  just  north  of  the  middle  of  this 
ice  cliff,  rock  ledges  are  exposed  beneath  the  glacier. 

Gilbert  states  that  in  1899  Smith  Glacier  reached  ''the  fiord  three  or  four  miles  from 
the  Radcliffe,  and  is  of  the  same  order  of  magnitude.  Fed  by  several  tributaries  among 
the  crests  of  the  range,  it  gathers  in  a  high  mountain  valley,  and  then  descends  in  mag- 
nificent cascades  down  the  mountain  front  to  the  sea.  In  the  last  part  of  its  course  it 
has  scarcely  any  valley,  the  outer  surface  of  the  ice  being  practically  flush  with  the 
face  of  the  mountain;  and  there  is  no  flattening  of  its  profile,  as  it  reaches  the  water. 
Though  its  lower  slope  is  so  seamed  by  crevasses  as  to  exhibit  a  mere  congeries  of  pin- 
nacles, two  lines  of  medial  moraine  are  distinctly  traceable,  each  partitioning  off  a 
fourth  part  of  the  ice  stream  at  the  side.'' 

This  description  and  the  photographs  made  by  the  Harriman  Expedition*  show  that 
Smith  Glacier  changed  very  little  between  1899  and  1909.  One  of  these  photographs 
(E.  H.  H.,  81)  shows  a  narrow  barren  zone  on  each  margin  of  the  glacier  extending  up 
the  mountain  slopes  to  about  1400  feet.    In  a  photograph  taken  by  Grant  on  July  1» 

1909,  the  same  barren  zone  apparently  shows  on  the  north  side  of  the  glacier.    In  July» 

1910,  Smith  Glacier  was  actively  advancing,  apparently  having  commenced  since  Grant's 
visit  the  year  before;  and  no  barren  zone  was  left  around  its  borders.  On  the  south  side 
at  sea  level,  the  glacier  had  spread  to  the  edge  of  the  barren  zone,  where,  15  or  20  feet 
from  the  glacier,  an  earlier  lateral  push  moraine  crossed  a  marginal  stream,  down  which 
small  ice  fragments  were  floating.  Higher  on  the  mountain  slopes  the  ice  was  advanc- 
ing into  the  forest  and  destroying  shrubs. 

The  north  side  of  Smith  Glacier  had  spread  farther  than  the  south  side,  and  at  the  time 
of  our  visit  was  just  beginning  to  destroy  the  alder  along  the  margin,  except  at  sea  level 
where  it  was  advancing  across  a  narrow  zone  of  bare  rock.  Along  the  advancing  margin 
the  alders  were  being  destroyed  in  three  ways, —  by  actual  overriding  of  the  spreading 
glacier,  by  stream  encroachment,  and  by  ice-block  avalanches  which  rolled  some  distance 
out  into  the  forest  (PI.  CXVI),  knocking  down  and  breaking  off  shrubs  and  removing 
their  bark  6  or  8  feet  above  the  ground.  By  the  advance  a  marginal  stream  had  been 
diverted  some  distance  northward  into  the  forest. 

It  was  impossible  to  tell  exactly  how  much  the  tidal  terminus  of  the  glacier  had  moved 
forward  since  1909  but  there  was  undoubtedly  several  hundred  feet  of  advance,  accom- 
panying the  spreading  on  the  north  and  south  margins.    Plate  CXVII,  A,  from  the  north 
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side  shows  a  flat  tidal  terminus  extending  a  short  distance  out  into  the  fiord,  where 
Gilbert  says  there  was  none  in  1899.  The  extreme  southern  edge  of  the  ice  cliff  was  a 
black»  erevassed  precipice,  the  lateral  moraine  of  1899  having  been  pushed  forward 
into  the  sea. 

Bryn  Mator  Glacier.  Bryn  Mawr  Glacier  (PI.  CXVIII),  the  largest  independent  cas- 
cading glacier  in  College  Fiord,  is  over  3  miles  long  and  varies  in  width  from  f  of  a  mile 
to  a  mile.  It  is  fed  by  two  large  tributaries  which  unite  2040  feet  above  sea  level,  com- 
ing from  cirques  at  the  level  of  about  4500  feet.  Below  the  lip  of  the  main  httng^ng 
valley,  1841  feet  above  sea  level,  the  slope  of  the  glacier  averages  8700  feet  to  the  mile. 
Above  this  level  the  slope  flattens  to  the  junction  of  the  tributaries,  each  of  which  plunges 
down  from  a  secondary  hanging  valley  at  a  level  of  about  2500  feet.  At  the  base  of  the 
steepened  valley  slope  the  glacier  forms  a  slightly  expanded  piedmont  bulb,  and  the 
lower  f  of  a  mile  has  a  very  low,  flat  surface  grade.  As  in  the  Smith  Glacier*  there 
are  no  well  defined  lateral  moraines,  but  a  strong  medial  moraine  extends  from  the 
junction  of  the  tributaries  to  the  sea.  The  glacier  discharges  more  icebergs  than  any 
of  the  other  cascading  tongues  and  terminates  with  a  precipitous  cliff  over  100  feet  hi|^. 

Gilbert  states  that  the  Bryn  Mawr  Glacier  ''next  south  of  the  Smith,  is  somewhat 
larger.  Its  two  main  branches,  gathering  in  mountain  vall^s  not  well  seen  from  the 
sea,  became  visible  in  twin  cascades,  and  then,  uniting  their  streams,  make  a  second  leap 
to  the  sea.  As  tide  is  reached,  there  is  a  tendency  to  flatten  the  profile,  and  the  central 
portion  of  the  stream  becomes  nearly  or  quite  horizontal  for  a  few  hundred  feet  before 
breaking  off  in  the  terminal  cliff. " 

This  shows  clearly  that  the  expanded  lower  portion  with  a  flat  foot,  was  already  de- 
veloped in  1899  and  photographs  by  Grant  and  Paige  prove  this  condition  to  have  con- 
tinued in  1905  and  1909.  There  was  a  narrow  barren  zone  on  either  margin  in  1899  and 
probably  in  1905.  Grant  has  stated  that  "a  comparison  of  the  photographs  taken  in 
1899  with  those  taken  in  1909  indicates  that  the  glacier  was  farther  advanced  at  the 
latter  date  and  that  its  front  (especially  the  southern  half  of  the  front)  deployed  more 
widely  on  the  shallow  bottom  of  College  Fiord.  A  photograph  taken  in  1905  and  an 
impression  four  years  later  indicates  that  the  glacier  was  less  advanced  at  the  eariier 
date,  and  that  it  was  then  (1905)  at  approximately  the  same  position  as  in  1899.  Any 
close  estimate  of  the  actual  amount  of  this  advance  (as  recorded  in  the  photographs 
taken  in  1909)  is  impracticable  from  the  data  at  hand,  but  it  is  probably  as  much  as  500 
feet."  His  photographs  show  an  extensive  gravel  beach  still  bordering  the  southern 
half  of  the  ice  front  in  July,  1909. 

There  was  very  considerable  advance  between  July,  1909,  and  July,  1910,  for  a  photo- 
graph from  Grant's  site  on  College  Point  shows  a  lateral  spreading  of  several  scores  of 
feet  on  both  north  and  south  margins  of  the  glacier.  That  there  has  also  been  pronounced 
forward  movement  is  evident  by  comparing  the  conditions  in  July,  1910,  with  a  photo- 
graph taken  by  the  Harriman  Expedition  in  1899.  In  this  interval,  the  Bryn  Mawr 
Glacier  had  advanced  several  hundred  feet,  most  of  the  advance  apparently  taking  place 

during  1910. 

On  each  side  of  the  glacier  a  small  stream  emerges  from  the  ice,  and  at  the  time  of  our 
visit  the  borders  of  the  glacier  were  encroaching  on  these  stream  courses.  All  along  its 
northern  margin  the  Bryn  Mawr  Glacier  was  advancing  into  the  forest,  where  it  was  killing 
spruces  up  to  5  inches  in  diameter,  suggesting  that  the  glacier  had  not  been  so  large  for 
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a  half  century  or  thereabouts.  Sometimes  as  much  as  25  feet  outside  the  area  where 
trees  were  being  overwhehned»  shrubs  were  crushed  and  trees  barked  and  broken  by 
blocks  of  ice  that  had  tumbled  from  the  glacier  margin. 

The  south  side  of  Bryn  Mawr  Glacier  showed  active  advance  at  the  time  of  our  visit, 
the  margin  of  the  glacier  having  a  push  moraine  made  up  of  gravel  on  the  beach  and 
alluvial  fan,  and  of  turf  and  soil  farther  back  from  the  shore.  The  site  of  a  push  moraine 
of  1899  was  completely  overridden  and  the  new  push  moraine,  6  to  10  feet  high,was  filled 
with  trunks  of  overwhelmed  shrubs,  many  of  them  still  retaining  the  leaves  of  1910 
growth.  In  some  places  the  turf  outside  of  the  push  moraine  had  been  shoved  up  into 
low  arches  by  the  advancing  glacier.  Willows  and  alders  that  were  being  overwhelmed 
were  from  10  to  15  years  old,  and  in  one  case  possibly  as  much  as  25  years  old.  There 
was  no  barren  zone  left  on  the  south  side  of  the  glacier,  the  advance  having  entirely 
covered  it. 

This  advance  had  displaced  the  south  marginal  stream  so  that  it  was  flowing  through 
the  bushes  south  of  its  previous  course  and  canying  them  down-stream.  At  one  point 
a  lobe  of  the  ice  which  was  swept  by  the  stream  had  been  undercut  until  a  small  avalanche 
of  ice  blocks  was  formed  and  these  blocks  were  floating  down  the  stream  toward  the  sea, 
coming  from  a  point  on  the  glacier  margin  nearly  a  quarter  of  a  mile  from  the  fiord.  Near 
the  beach  the  drainage  was  obstructed  by  the  ice  advance  and  several  small  pools  were 
formed  between  the  advancing  ice  front  and  an  older  terminal  moraine.  At  several  points 
along  this  southern  margin  of  Bryn  Mawr  Glacier  the  upper  layers  of  the  ice  had  been 
thrust-faulted  forward  over  the  lower  layers  so  that  splinters  of  ice  projected  into  the 
forest,  as  was  the  case  on  a  larger  scale  at  Columbia  Glacier. 

The  area  on  the  southern  border  of  Bryn  Mawr  Glacier  which  is  being  overridden, 
is  part  of  a  crescentic  terminal  moraine,  with  knobs  and  basins,  built  by  the  glacier  at 
a  time  of  much  greater  expansion,  and  now  grassed  over  and  partly  covered  by  alders 
and  spruces,  some  05  years  old.  It  is,  therefore,  at  least  that  long  since  this  older  ter- 
minal moraine  was  built. 

Vaasar  Glacier,  Vassar  Glacier  differs  from  Smith  and  Bryn  Mawr  in  having  a  well- 
defined  bulb  at  the  lower  end.  The  glacier  heads  in  cirques  4000  to  5000  feet  above 
sea  level,  and  is  about  £^  miles  long,  a  mile  wide  at  its  snowfield,  and  three-eighths  of 
a  mile  wide  where  it  plunges  over  the  lip  of  its  hanging  valley  at  a  level  of  1598  feet, 
above  which  is  a  second  cascade  at  a  level  of  a  little  more  than  2200  feet.  After  cascad- 
ing down  the  hanging  valley  lip  to  the  fiord  level,  with  a  slope  of  2500  feet  to  the  mile, 
the  glacier  extends  eastward  a  half  mile  further  with  a  much  flatter  grade  and  with  a 
lobate  lateral  expansion.  This  glacier  with  its  three  portions,  a  moderately-sloping 
upper  part,  a  cascading  middle  section,  and  a  flattened  terminus,  reminds  one  of  the 
Rhone  Glacier  in  the  Alps,  except  that  it  terminates  in  the  sea,  while  the  Rhone  Glacier 
ends  in  a  valley  on  the  land.  As  already  stated,  a  minor  lobe  of  the  Vassar  Glacier  termi- 
nates 2000  feet  above  the  fiord  and  sends  a  stream  down  the  fiord  wall. 

Vassar  Glacier  has  no  lateral  moraine  on  the  south  side,  but  there  is  a  weak  one  on 
the  north,  and  one  medial  moraine,  starting  below  the  lip  of  the  hanging  valley,  but 
not  from  a  lateral  moraine,  as  there  are  no  noteworthy  tributaries.  The  whole  of  the 
lobate  lower  portion,  however,  is  mantled  with  thick  ablation  moraine,  which  extends 
up  the  southern  margin  of  the  cascading  portion  to  a  height  of  1100  feet,  but  on  the 
northern  margin  ends  at  an  elevation  of  about  300  feet.    In  contrast  with  the  other 
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glaciers,  therefore,  Vassar  Glacier  is  the  least  attractive,  because  the  wliide 
of  its  lower  surface  is  dark  and  moraine-covered.  On  both  the  north  and  south  aides, 
streams  emerge  from  the  ice  about  a  half  mile  back  from  the  terminus  and  flow  near 
the  ice  edge,  building  an  allu\nal  fan  on  each  side. 

The  tidal  terminus  of  Vassar  Glacier  b  not  a  perpendicular  white  cliff  of  dean  ioe, 
as  in  the  other  tidal  cascading  glaciers,  but  a  low  sloping  margin,  mantled  with  rode 
debris,  and  similar  to  the  terminus  of  the  Malaspina  Glacier  at  Sitkagi  Bluffs.  Aaa 
result  of  a  slight  advance  which  was  in  progress  in  1010,  a  part  of  the  northern  portioii 
of  the  glacier  was  acquiring  a  more  precipitous  cliff  and  was  shedding  the  dibris  w«"i^U, 
so  that  the  ice  was  revealed  in  places.  Even  here,  however,  in  contrast  with  the  i^isteii- 
ing  white  cliffs  of  the  adjacent  glaciers,  the  ice  in  sight  was  dirty  and  marked  with  wmvy 
horizontal  lines  of  englacial  material.  Few,  if  any,  icebergs  are  discharged  from  this 
glacier. 

Gilbert  describes  Vassar  Glacier  in  1899  as  a  cascading  glacier  **  parallel  to  the  Soiith 
and  Bryn  Mawr  and  exhibiting  a  similar  series  of  cascades,  but  of  smaller  site  and  less 
direct  in  its  course.  It  is  cumbered,  espedally  in  its  lower  part,  by  rock  debris,  and  dose 
inspection  was  necessary  to  determine  the  fact  that  it  is  actually  tidal. " 

It  was,  therefore,  not  essentially  different  in  1899  and  1910,  and  photogn^hs  by  Grant 
show  this  to  have  been  the  case  also  in  1905  and  1909.  It  is  not  smaller  than  the  Smith 
Glacier,  though  it  is  smaller  than  Bryn  Mawr.  The  establishment  of  the  facts  of  the 
debris-covered  lower  end  and  the  barely  tidal  condition  in  1899  are  of  importance,  for 
these  remained  the  same  until  1910  when  a  change  was  commencing.  At  the  time  of 
our  \isit  the  glacier  touched  tidewater  along  the  whole  porUon  of  the  front  between  the 
flanking  alluvial  fans,  but  with  a  low,  sloping  moraine-veneered  margin  along  the  south- 
em  half,  and  with  a  low,  dirty,  nearly  vertical  cliff  in  the  northern  half  (Fl.  CXIX). 

Photographs  show  that  there  were  barren  zones  on  each  side  of  the  glacier  in  the 
cascading  portion  in  1899.  There  was  sufficient  advance  of  Vassar  Glader  before  1910 
so  that  portions  of  the  barren  zones  were  covered.  That  on  the  north  side  near  sea 
level  was  not  completely  overridden  by  July  21, 1910,  but  higher  on  the  fiord  wall  it  was 
almost  covered.  A  great  deal  of  the  barren  zone  on  the  south  side  was  still  visible  except 
in  the  bulb  portion  near  sea  level. 

On  the  northern  margin  the  glacier  was  advancing,  but  there  was  no  thrusting  for- 
ward of  the  ice  itself,  the  advance  being  manifested  chiefly  by  a  slight  folding,  ridging, 
and  crumpling  in  the  moraine-covered  hill  along  the  northern  margin,  whose  barren 
condition  suggests  that  it  contains  a  buried  ice  block. 

The  southern  edge  of  the  glacier  at  sea  level  was  also  obviously  advancing,  but  no 
ice  was  seen  beneath  the  ablation  moraine  cover  and  the  advance  was  manifesting  itsdf 
principally  by  the  commencement  of  erevassing  in  the  moraine-covered  bulb  and  by 
the  sliding  down  of  this  morainic  material  along  the  glacier  margin,  where  willows  and 
alders  were  being  buried.  Near  sea  level  the  glacier  extended  right  up  to  the  forest 
which  included  mature  spruces. 

High  above  sea  level,  the  ice  edge  had  advanced  over  part  of  the  zone  of  bare  rock  that 
had  existed  there  since  1899,  but  it  was  not  all  covered.  Ice  blocks  were  sliding  down 
and  accumulating  in  a  talus  at  one  point,  suggesting  that  the  advance  was  still  in 
progress. 

Vassar  Glacier  had  been  stagnant  and  motionless  long  enough,  not  only  for  »lii»itittig 
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until  the  debris  carried  by  the  ice  had  accumulated  on  the  surface,  forming  the  ablation 
moraine,  but  also  long  enough  for  the  growth  of  a  few  shrubs  and  of  moss  and  flowers 
upon  the  moraine-covered  surface.  This  vegetation  upon  the  bulb  was  very  sparse, 
however,  indicating  that  melting  had  gone  on  fast  enough  to  interfere  with  plant  growth. 
If  the  advance  of  Vassar  Glacier  which  b^an  in  1910  continues  long  enough,  crevasses 
will  doubtless  break  up  the  lower  bulb,  so  that  the  ablation  moraine  will  disappear  and 
the  lower  end  of  the  glacier  be  transf cHmed  to  a  white  mass  similar  to  Biyn  Mawr  Gla- 
cier, instead  of  the  present  dirt-covered  terminus. 

WeUesley  Glacier.  Wellesley  Glacier  is  a  veiy  symmetrical  single,  cascading  ice  tongue 
about  ^  mile  wide  (PL  CXX).  It  descends  the  fiord  wall  from  small  tributaries  in 
cirques  at  elevations  of  over  4000  feet,  reaching  the  water's  edge,  but  not  expanding  in  a 
piedmont  bulb.  It  descends  from  a  fine  hanging  valley  (PL  CXXV)  at  an  elevation  of 
between  1700  and  1800  feet,  the  slope  below  the  lip  exceeding  28^.  There  are  incon- 
spicuous lateral  moraines  and  the  suggestion  of  a  weak  medial  moraine,  dose  to  the 
northern  margin. 

-  It  is  evident  that  not  long  ago  Wellesley  Glacier  extended  at  least  |  of  a  mile  further 
than  now,  having  then  a  form  very  much  like  that  of  Vassar  Glacier.  In  retreating  from 
this  more  advanced  position  the  glacier  has  left  a  narrow  barren  zone  along  the  north 
and  south  margins.  The  site  of  the  central  part  of  this  former  bulb  is  occupied  by  a 
moraine-bordered  cove  with  water  9\  to  129  feet  in  dqpth,  into  which  a  spit  extends 
from  the  south  side,  marking  the  site  of  the  former  terminal  moraine.  At  the  head  of 
this  cove  Wellesley  Glacier  ends  with  a  vertical  ice  cliff,  beneath  the  northern  and  south- 
em  margins  of  which  rock  ledges  show. 

Gilbert  speaks  of  it  in  1899  as  a  cascading  glacier  which  '*  flows  with  gentle  grade 
through  a  mountain  trough  joining  the  fiord  at  right  angles  and  then  cascades  into  the 
sea,  into  which  it  plunges  without  notable  modification  of  profile.''  This  description 
and  the  1899  photograph  of  the  Wellesley  Glacier  show  that  it  was  then  essentially  as 
in  1910,  and  that  there  was  then  as  now,  a  broad  terminal  and  lateral  barren  zone. 
Although  at  the  time  of  our  visit  there  was  a  very  much  larger  barren  zone  around  the 
glacier  terminus  than  around  any  other  ice  tongue  in  College  Fiord,  it  was  then  actively 
advancing,  and  the  northern  and  southern  margins  had  partly  covered  the  lateral  barren 
zone  previously  exposed. 

On  the  north  side,  part  of  the  glacier  margin  was  bordered  by  a  push  moraine  from 
5  to  8  feet  high.  The  advancing  edge  was  lobate,  and  parts  of  the  barren  zone  on  the 
mountain  slopes  were  completely  covered.  Both  the  ice  and  the  push  moraine  were 
overwhelming  alders  5  to  6  years  old,  and  broken  ice  blocks  were  rolling  down  the  edge 
of  the  glacier. 

The  southern  edge  of  Wellesley  Glacier  was  also  bordered  by  a  new  push  moraine 
in  which  were  torn  willow  and  alder  bushes,  some  of  them  15  years  of  age.  The 
edge  of  the  ice  did  not  extend  across  the  barren  zone,  which  contained  shrubs  8 
years  old,  so  that  no  trees  were  being  overwhelmed  by  the  advancing  glacier,  although 
annual  plants  of  1910  growth  were  being  overturned  and  buried.  The  south  barren 
zone  has  a  morainic  topography  with  linear  crevasse  deposits,  knobs,  and  basins,  the 
latter  occupied  by  pools. 

The  barren  zone  in  front  of  the  glacier  terminus,  including  the  land  portion  of  the 
former  bulb,  has  evidently  been  covered  by  glacial  ice  within  ten  or  a  dozen  years,  for 
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the  oldest  shrubs  growing  in  this  barren  zone  were  from  8  to  10  years  old.    Outside  this 
morainic  area  are  mature  alder  thickets  and  some  spruces. 

Barnard,  Holyoke,  and  Smaller  Olaciers.  Barnard  and  Holyoke  Glaciers,  smaller 
cascading  glaciers  than  most  of  those  toward  the  north,  end  a  thousand  feet  or  more 
above  the  fiord.  Gilbert  alludes  to  them  as  "small  glaciers  occupying  alcoves  on  the 
mountain  front  but  ending  far  above  the  water.  **  South  of  them  are  three  small  diff 
glaciers,  resting  on  ledges  at  the  base  of  Mt.  Emerson.  There  are  also  small  ice  masses 
between  several  of  the  cascading  glaciers  to  the  north. 

Barnard  Glacier  is  a  clean,  crevassed  ice  tongue,  with  no  medial  or  lateral  moraines. 
It  heads  in  a  large  cirque  and  connects  with  an  irregular  ice  mass  on  a  shelf  to  the  north. 
There  is  a  bare  rock  slope  at  the  end  of  the  glacier  which  has  small  terminal  lobes  and 
terminates  on  the  lip  of  its  hanging  valley.  Two  streams  descend  from  the  terminus. 
Mature  spruce  forest  extending  from  the  fiord  well  up  toward  the  glacier  terminus  indi- 
cates that  Barnard  Glacier  has  not  descended  much  farther  toward  the  fiord  for  a  cen- 
tury or  more;  but  a  barren  zone  between  the  ice  and  forest,  present  in  1899  as  well  as  in 
1910,  proves  that  it  has  been  retreating  in  recent  years.  Between  1899  and  1910  there 
was  an  advance  of  the  south  lobe  down  the  lip  of  the  hanging  valley,  and  a  slight  advance 
of  the  north  lobe,  while  between  the  two  lobes  an  ice  block  talus  was  formed.  We  are 
inclined  to  believe  that  the  advance  was  still  going  on  in  1910. 

Holyoke  Glacier,  which  heads  in  a  large  cirque  and  is  fed  by  two  glaciers  from  a  small 
cirque  on  the  south,  has  two  weak  medial  moraines  extending  from  spurs  between  its 
south  tributaries.  There  are  no  lateral  moraines,  but  there  are  a  few  morainic  patches 
along  the  terminus.  The  glacier  is  longer  than  Barnard,  and  extends  out  over  the  lq> 
of  its  hanging  valley.  In  1910  the  glacier  nowhere  extended  to  the  borders  of  its  barren 
zone,  and  the  mature  spruce  forest  between  the  small  terminal  barren  zone  and  the 
fiord  demonstrates  that  it  has  not  extended  beyond  this  barren  zone  for  a  centuiy  or 
more.   No  distinct  signs  of  recent  advance  were  seen. 

The  cliff  glaciers  on  the  ledges  south  of  Holyoke  Glacier  present  no  unusual  features. 
There  is  every  reason  to  believe  that  they  are  self-sustaining,  and  in  one  case  a  projecting 
lobe  extended  down  from  the  shelf. 

Yale  Glacier.  Yale  Glacier  has  a  known  length  of  seven  miles,  and  is  probably  over 
twice  that  length.  Its  width  varies  from  a  mile  and  a  quarter  to  two  miles.  In  its  lower 
portion  the  glacier  slopes  at  the  rate  of  600  to  700  feet  per  mile,  attaining  an  elevation 
of  2500  feet  three  miles  and  a  half  from  the  front,  and  ascending  gradually  to  6000  or 
7000  foot  cirques  east  of  Mt.  Glenn.^ 

The  Yale  Glacier,  though  wider  at  the  terminus,  is  probably  not  as  long  as  the  Harvard. 
It  terminates  in  the  Yale  Arm  of  College  Fiord,  with  an  unusually  irregular  front,  the 
south  side  of  the  glacier  extending  IJ  miles  further  down  the  fiord  than  the  north  side. 
This  terminal  cliff  is  between  200  and  300  feet  high.  There  are  well-marked  lateral 
moraines,  but  no  medial  moraines  (PI.  CXXIV,  A).  In  the  absence  of  a  number  of 
large  tributaries  which  supply  quantities  of  ice,  and  lateral  moraines  that  become 
medials,  Yale  Glacier  differs  very  decidedly  from  Harvard  Glacier.  The  distant  tribu- 
taries are  rather  small  glaciers  cascading  from  extensive  n^vk  fields  on  the  mountain 
slopes.  In  the  lower  part  of  the  glacier  there  are  not  many  tributaries  on  the  north- 
western side,  contrasting  with  a  considerable  number  which  descend  on  the  southeast^n 

>  Named  in  1910  for  Lieut  E.  F.  Glenn  of  the  U.  S.  Army. 
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side  from  the  snowfields  and  cirques  about  Mt.  Castner  ^  and  other  mountains  between 
College  Fiord  and  Unakwik  Inlet. 

Applegate's  map  of  Yale  Glacier  in  1887  shows  it  terminating  somewhere  between 
College  Point  and  the  present  stand;  but  since  he  did  not  approach  the  glacier  nearer 
than  12  miles,  about  the  same  as  Vancouver  did  in  1794»  it  is  impossible  to  draw 
any  conclusions  from  these  early  maps  concerning  the  behavior  of  Yale  Glacier  prior 
to  1898. 

Prom  the  photograph  (PI.  CXXIII)  taken  by  Mendenhall  in  the  latter  part  of  April, 
1898,  it  is  evident  that  Yale  Glacier  was  in  almost  exactly  the  same  position  as  at 
present.  The  rock  ledges  were  exposed  beneath  the  middle  of  the  ice  front  and  the 
eastern  half  exhibited  "the  rough  pinnacled  front  of  a  still-advancing  stream.  Its 
western  front  is  of  dead-white  ice.  ** 

On  this  same  occasion  Castner  went  on  snowshoes  some  distance  up  the  margin  of 
the  Yale  Glacier,  which  may  perhaps  show  that  it  was  then  less  severely  crevassed  than 
in  1910  when  traveling  upon  its  surface  was  impossible.  But  our  visit  was  at  a  later 
season  when  the  snow  had  disappeared. 

Glenn  gives  a  vivid  description  of  Yale  and  Harvard  glaciers  as  he  saw  them  in  1898 
from  College  Piord.  "The  day  was  dry  and  clear.  Directly  in  our  front  was  the  most 
imposing  sight  we  had  yet  seen — ^I  might  add  more  imposing  than  any  we  saw  during 
the  season.  Glistening  in  the  sun  were  two  large  glaciers,  which  we  named  the  'Twin 
Glaciers,'  >  the  pair  being  separated  by  a  short  ridge  or  hogback  that  runs  down  to  salt 
water.  In  front  of  the  one  on  our  right  the  sea  ice  extended  for  over  3  miles,  while  in 
front  of  the  other  this  sea  ice  extended  at  least  twice  that  distance.  This  ice  was  covered 
with  snow  several  feet  in  depth.  We  soon  discovered  that  it  would  bear  up  the  weight 
of  a  man  and  that  we  could  make  no  headway  against  it  with  the  boat.  Each  of  these 
glaciers  is  what  is  termed  'live'  or  'working'  glaciers.  The  front  of  each  was  an  al- 
most perpendicular  mass  of  ice,  from  which  inmiense  pieces  were  constantly  breaking 
off  and  falling  into  the  sea  with  a  great  roaring  ncHse,  due  principally  to  the  action  of 
the  tides." 

The  map  of  Yale  Glacier  by  Gannett,  the  description  by  Gilbert,  and  the  photographs 
by  other  members  of  the  Harriman  Expedition  in  1899  show  clearly  that  in  all  major 
features  of  position  Yale  Glacier  had  at  that  time  assumed  the  general  conditions  which 
prevailed  in  1910.  The  rock  ledges  beneath  the  center  of  the  glacier  are  seen  in  the 
photographs,  and  Gilbert  indicates  that  there  were  barren  zones  at  the  margins.  He 
explains  the  dirty  ice  near  the  northwestern  side  of  the  glacier  as  follows:  "A  blackening, 
west  of  the  middle,  by  glacial  drift  suggests  that  a  rock  knob  may  lie  near  the  surface, 
ready  to  develop  into  a  nunatak  or  island  if  the  glacier  shall  diminish. " 

The  photographs  and  descriptions  by  Grant  in  1905  and  1909,  and  the  map  by  Higgins 
in  the  latter  year  show  that  Yale  Glacier  maintained  essentially  the  same  conditions 
during  the  decade  following  1899.  The  narrowness  of  the  barren  zones  in  1909  leads 
Grant  to  conclude  that  the  eastern  margin  was  slightly  farther  advanced  in  that  year 
than  in  1898  and  1899. 

In  1910  Yale  Glacier  was  advancing  strongly.  By  July  15,  the  southeastern  edge  had 
advanced  750  feet  beyond  its  position  in  1899,  as  was  shown  by  comparing  conditions 

>  This  peak  and  the  adjacent  glacier  were  named  in  1910  for  lieut.  J.  C.  Castner  of  the  U.  S.  Army, 
s  Now  called  Yale  and  Harvard  Glaciers. 
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seen  from  Photo  Sta.  P.,  with  a  photograph  (PI.  CXXI)  by  Curtis.^  The  amount  of  ad- 
vance was  accurately  determined  by  Mr.  Lewis,  our  topographer.  That  the  greater 
part,  if  not  all,  of  this  advance  took  place  after  July  1,  1909,  is  demonstrated  by  photo- 
graphs by  Grant  from  Station  I  (PI.  CXXII).  The  central  portions  of  the  glacier 
also  advanced  somewhat,  covering  part  of  the  ledges.  The  southeastern  ice  cliff  was 
highest  in  1910,  the  fresh-looking  cliffs  west  of  the  rock  ledges  next  highest,  and  the 
northwestern  margin  lowest  of  all. 

The  advance  had  covered  most  of  the  barren  zone  along  the  southeastern  margin, 
though  some  still  remained  in  places.  Near  the  terminus  the  entire  marginal  barren 
zone  was  covered  by  ice,  and  bushes  were  being  overridden,  but  in  front  of  the  glacier 
there  were  rock  slopes  bare  of  vegetation.  Bordering  part  of  the  glacier  margin  was  a 
push  moraine  of  till,  bowlders  and  wood,  and  there  were  also  some  peat  rolls.  The  pres- 
ence of  recently  overturned  bushes  lying  on  the  winter's  snow,  proves  that  the  advance 
was  in  progress  during  the  spring  of  1910. 

The  northwestern  margin  of  Yale  Glacier  was  also  advancing  rapidly.  At  the  water's 
edge  the  glacier  terminated  on  beach  and  alluvial  fan  gravels  in  part  undisturbed;  but 
above  tide  level  there  was  a  gravel  push  moraine  including  some  tree  trunks.  Farther 
back  along  this  margin  practically  all  the  former  barren  zone  had  been  overridden,  and 
the  glacier  was  destroying  thickets  of  alder  and  willow  bushes  from  10  to  88  years  old. 
The  relationship  to  snow  banks  proves  that  part  of  this  advance  had  taken  place  during 
the  preceding  autumn  or  early  winter;  but  on  July  16,  1910,  the  advance  was  still  in 
progress,  overwhelming  a  dense  growth  of  alders  and  willows,  and  at  a  few  points  rolling 
up  small  arches  of  peat. 

Castner  Glacier,  the  southernmost  tributary  of  Yale  Glacier,  with  its  pronounced 
medial  moraine  and  broad  lateral  moraine,  showed  no  particular  change  from  1899  to 
1910.  Higgins'  map  has  this  glacier  disconnected  from  the  Yale  in  1909,  but  Grant's 
photographs  of  that  year  show  this  to  be  an  error.  This  lack  of  change  indicates  that 
the  advance  of  Yale  Glacier  was  not  caused  by  this  tributary.  The  feeders  farther  back 
on  the  east  side  may  have  participated  in  it,  for  they  rise  in  snowfields  which  also  feed 
the  active  northern  arm  of  Meares  Glacier  in  Unakwik  Inlet. 

Amherst  and  Adjacent  Glaciers.  This  group  of  glaciers,  on  the  southeast  side  of  College 
Fiord  has  not  been  studied  in  detail  by  any  of  the  expeditions  that  have  visited  the 
region,  nor  seen  from  nearer  than  the  eastern  edge  of  the  fiord.  Amherst  Glacier  is  the 
largest  of  the  group  and  both  it  and  Crescent  Glacier  were  shown  on  a  map  by  Applegate 
in  1887  and  by  Gannett  in  1899.  Williams,  Dartmouth  and  a  small  glacier  to  the  north 
were  indicated  on  the  Grant  and  Higgins  map  of  1909,  as  were  the  Tommy  and  Cap 
Glaciers  south  of  Crescent  Glacier. 

Amherst  Glacier  is  about  4^  miles  long  and  a  mile  wide  and  descends  from  large  cirques 
near  Unakwik  Peak.  Crescent  Glacier  is  of  about  the  same  length  but  is  only  about  a 
quarter  of  a  mile  wide.  Dartmouth  and  Williams  Glaciers  are  also  small.  According  to 
Applegate's  map,  which  was  made  from  so  near  that  it  is  probably  correct,  Amherst  and 
Crescent  Glaciers  ended  a  little  nearer  the  fiord  in  1887  than  at  present  and  were  united. 

Gilbert  states  that  in  1899  ''Amherst  Glacier  was  passed  by  the  ship  at  some  distance, 
and  its  features  are  known  chiefly  through  the  photographs  secured  by  Merriam.  It 
is  fed  by  nkv6s  in  full  view  from  the  fiord,  and  approaches  the  sea  in  a  short,  broad  stream 

i  Harriman  Alaska  Expedition,  Yd.  Ill,  1904,  Fig.  43,  p.  83. 
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which  at  first  descends  steeply  and  afterwards  more  gently.  The  habit  of  the  lowland 
lying  between  the  glacier  and  the  ocean  indicates  that  it  is  built  of  morainic  material. 
Near  the  sea  is  a  belt  of  timber,  but  this  is  separated  from  the  ice  by  a  barren  tract  simi- 
lar to  that  about  Davidson  Glacier.  A  barren  zone  several  hundred  yards  broad  is  seen 
to  flank  the  glacier  on  the  southwest,  and  a  similar  zone  borders  its  companion  Crescent 
Glacier.  These  features  doubtless  indicate  shrinking  in  modem  times,  the  change  having 
been  of  moderate  amount,  although  greater  than  in  the  case  of  LaPerouse  and  Columbia 
Glaciers.  The  Crescent  is  comparatively  narrow,  and  approaches  the  sea  with  a  higher 
grade.    A  curve  in  its  trough  conceals  its  upper  course. " 

When  we  saw  it  in  1910  (PL  CXXIV,  B)  Amherst  Glacier  was  little  crevassed  and 
had  a  broad  belt  of  ablation  moraine  upon  the  terminus,  no  changes  being  detected  by 
comparison  with  Merriam's  1899  photograph.  The  Crescent  Glacier  also  seemed  un- 
changed, and  from  a  distance  no  signs  of  unusual  activity  were  seen  in  Williams,  Dart- 
mouth, and  Tommy  Glaciers.  Cap  Glacier  is  typical  of  many  n£v6  fields  upon  mountain 
slopes,  being  thin,  severely  crevassed,  and  intermediate  in  character  between  the  snow- 
field  and  the  valley  glacier,  though  most  resembling  the  former. 

Glacial  Erosion — Features  above  Sea  Level.  Glacial  erosion  has  had  a  profound  in- 
fluence in  producing  the  present  straight,  steep-walled  depression  of  College  Fiord. 
Evidence  of  glacial  erosion  in  the  form  of  striae  on  rock  ledges,  in  roches  moutonn^es 
forms,  in  the  absence  of  spurs  on  the  vall^  walls,  and  in  the  oversteepened  lower  por- 
tion of  the  fiord  walls  is  eveiywhere  apparent.  There  are  also  cirques  of  various  sizes, 
a  large  number  of  them  containing  small  glaciers,  as  between  Vassar  and  Biyn  Mawr 
Glaciers,  between  Baltimore  and  Radcliffe  Glaciers,  etc. 

There  are  many  differences  in  the  degree  of  glacial  erosion,  judging  from  the  valley- 
wall  features.  For  example,  the  south  side  of  Cresent  Glacier  valley  shows  an  undercut 
cliff,  evidently  due  to  long-continued  glacial  erosion  on  the  outer  side  of  a  curve,  as  in  a 
river.  The  eastern  wall  of  College  Fiord,  especially  between  College  Point  and  Downer 
Glacier,  and  just  north  of  Coghill  River,  is  remarkable  for  irregularities  above  sea  level 
in  contrast  with  the  smoother  western  side.  The  eastern  side  has  many  uneroded  spurs, 
irregular  hummocks  and  reefs;  the  western  is  remarkable  for  its  smoothness  and  simplic- 
ity of  contour,  for  its  many  roches  moutonn^es  with  striae  and  glacial  grooves  parallel 
to  the  trend  of  the  fiord,  and  for  the  bare,  smoothed,  nearly  horizontal  rock  ledges  high 
upon  the  fiord  wall.  North  of  College  Point  the  expanded  Harvard  Glacier  seems  to 
have  hugged  the  western  shore  and  to  have  eroded  here  more  efficiently,  despite  the  pres- 
ence of  many  tributaries  from  the  west  whose  thrust  would  tend  to  push  the  glacier  over 
toward  the  eastern  side.  But  it  is  very  probable  that  the  expanded  Yale  Glacier  swept 
over  College  Point  and  by  its  great  volume  overcame  the  influence  of  this  thrust. 

There  are  many  hanging  valleys  above  sea  level  (h,  PI.  CXXVI)  and  as  Gilbert  has 
already  noted,  the  cascading  glaciers  on  the  western  side  of  the  fiord  descend  out  of  hang- 
ing valleys.  There  are  also  hanging  valleys  out  of  which  the  glaciers  do  not  now  cas- 
cade. The  ascending  altitudes  of  these  hanging  valleys,  whose  levels  as  measured  in 
1910  agree  except  in  minor  particulars  with  Gilbert's  computations  in  1899,  and  the 
fact  that  there  are  two  steps,  as  noted  by  Gannett,  have  been  explained  by  Gilbert,^  as 
follows,  the  relationships  being  shown  in  Fig.  41. 

i  GUbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  8, 1904,  pp.  175-176. 
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"My  attention  has  been  directed  by  Gannett  to  the  fact  that  several  of  the  cascading 
glaciers  make  two  leaps,  and  that  there  is  a  certain  amount  of  harmony  in  the  spacing 
of  the  falls.  When  the  region  shall  have  been  thoroughly  studied  it  is  possible  that  the 
interpretation  of  these  correspondences  may  develop  a  special  chapter  in  the  history  d 
the  ice  retreat. 

*'With  the  aid  of  a  series  of  photographs  made  by  Merriam,  I  have  computed  the  ap- 
proximate heights  of  the  more  important  cascades,  as  follows:  Wellesley,  1700  feet; 
Vassar,  2200;  Bryn  Mawr  (trunk),  1300,  (left  branch)  2700,  (right  branch)  2500; 
Smith,  1250, 1700  and  2600;  Radcliffe,  1800  and  3500.  When  these  are  platted  to  scale 
in  their  proper  vertical  and  horizontal  relations  they  fall  into  two  series,  descending 
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Fio.  41.    Hanoino  Valubts  AscENDnfo  Nobthward  in  Collbgk  Fiobd  aftbb  G.  K.  Giiabbt. 

southward  from  the  head  of  the  fiord.  Making  some  allowance  for  the  greater  volume 
of  the  side  glaciers  when  the  trunk  glacier  filled  the  fiord,  I  have  indicated  the  profile 
of  the  trunk  glacier  by  a  dotted  line  (AB) .  The  inclination  of  this  line  from  the  horizontal 
is  about  2^,  or  one  in  twenty-five.  Its  height  above  tide  ranges  from  2800  to  4800  feet, 
and  it  indicates  a  thickness  of  ice  exceeding  these  figures  by  the  depth  of  the  fiord,  what- 
ever that  may  be.  In  the  line  of  Gannett's  suggestion,  a  second  tentative  profile  (CD) 
is  drawn  in  similar  relation  to  the  crests  of  the  lower  series  of  cascades. 

''The  depth  of  ice  indicated  by  the  hanging  valleys  is  somewhat  less  than  that  which 
would  be  inferred  from  the  rounding  of  projections,  and  it  seems  probable  that  the 
epoch  during  which  the  hanging  valleys  received  their  principal  sculpture  was  not  the 
epoch  of  maximum  glaciation.'' 

Submarine  Topography.    The  soundings  made  in  College  Fiord  in  the  sunmier  of 
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Fio.  42.    Natural  Scale  Cboss-Section  of  Couxoe  Fiobd. 

1910  enable  us  to  carry  the  discussion  of  glacial  erosion  farther  than  was  previously 
possible  (PL  CXXVI).  The  depth  of  water  near  the  fronts  of  Harvard  and  Yale 
Glaciers,  636  and  282  feet  respectively,  proves  that  neither  of  those  glaciers  is  afloat, 
and  that  they  must  now  be  eroding  on  the  fiord  bottom.  The  line  of  rock  ledges 
visible  under  the  edge  of  Yale  Glacier  shows  that  in  the  past  erosion  has  been  less 
active  in  mid-fiord  than  on  either  side. 

The  water  along  the  axis  of  College  Fiord  varies  in  depth  from  174  to  804  feet,  and 
the  cross-sections  of  the  fiord  show  that  it  has  the  typical  U-shape  (Kg.  42)  below 
sea  level.  The  longitudinal  slope  away  from  Harvard  Glacier  is  interrupted  near  the 
terminus  of  the  Smith  Glacier  where  the  depth  decreases  to  306  feet,  by  another  swell 
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(174  feet)  northwest  of  CogiM 
River,  and  by  agradual  shallow- 
ing of  the  water  from  that  point 
to  Port  Wella. 

As  has  beenstated  in  previous 
discussions  of  the  1910  sound- 
ings, we  are  in  doubt  where  to 
infer  submerged  moraines  and 
where  uneroded  reefs,  devel- 
oped in  connection  with  the 
basining  of  the  fiord  bottom  by 
glacialerosion.  The  basinwhose 
deepest  point  (804  feet)  is  appo- 
site  Wellesley  Glacier  seems  to 
us  probably  to  be  a  rock  basin 
of  glacial  erosion.  Its  bottom 
lies  630  feet  lower  than  the 
swell  at  its  lower  end,  and  463 
feet  lower  than  the  swell  at  its 
upper  end.  An  apparently 
adequate  explanation  of  ex- 
cessive erosion  here  would  be 
the  more  rapid  motion  of  the 
ice  when  the  expanded  Harvard 
Glacier  received  Yale  and  the 
cascading  glaciers  as  tributa- 
ries. Moreover,  in  this  upper 
part  of  the  fiord  there  may  have 
been  repeated  ice  advances, 
with  consequent  periods  of  gla- 
ciai  erosion,  while  the  lower  part 
of  the  6ord  was  not  scoured  so 
frequently,  if  indeed  it  was  oc- 
cupied by  an  advancing  glacier 
more  than  once. 

An  alternate  explanation  of 
the  relative  shallowness  in  the 
part  of  the  fiord  south  of  Cog- 
hill  River  (Fig.  43)  would  be 
that  it  was  originally  more 
deeply  eroded,  but  has  been 
filled  by  glacial  deposits,  in- 
eluding  not  only  deposits  from 
the  retreating  glaciers  of  upper 
College  Fiord,  but  also  by 
stream-borne  deposits  from  the 
Amherst,    Crescent,    Williams 


Flo.  U.    SuBiusiNB  CoNTonBa  or  Coluqb  Piobo. 
Outline  of  cout  snd  glaoen  after  Gnuit  and  Higpot. 
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and  Dartmouth  Glaciers,  the  streams  from  which  are  still  carrying  debris  into  the 
fiord.  The  eastern  part  of  the  fiord  near  these  glaciers,  however,  is  veiy  shallow  and 
the  abmidant  reefs  rising  to  the  surface  here  are  in  some  cases  rock  ledges,  proving  that 
there  has  not  been  such  profound  erosion  as  along  the  western  side  and  also  that  there 
have  not  been  extensive  glacial  deposits  above  the  surface.  The  greater  glacial  scour- 
ing was  apparently  on  the  western  side  of  the  portion  of  College  Fiord  where  the  main 
current  of  the  expanded  trunk  glacier  was  probably  pushed  by  the  eastern  tributaries. 
Deposits  might  also  have  been  made  here  by  the  Amherst  and  other  tributaries  before 
th^  retreated  across  to  the  shallow  eastern  portion  of  the  fiord.  A  perfectly  rational 
hypothesis  to  account  for  all  the  irregularities  in  the  bottom  of  College  Fiord  would  be  to 
attribute  them  to  glacial  erosion  without  significant  deposition.  All  of  the  existing  basins 
and  swells  might  be  explained  by  a  rhythmic  alternation  of  plunging  and  rising  related  to 
the  incoming  of  tributary  ice  streams.  There  is  a  basin  below  Harvard  Glacier  terminus 
and  a  swell  not  far  above  College  Point  near  Smith  Glacier.  There  is  a  basin  south  of 
College  Point  where  the  expanded  Yale  Glacier  entered,  below  which  is  the  swell  west 
of  Coghill  River.  Below  this  the  water  deepens  nearly  to  Point  Pakenham,  perhaps 
under  the  influence  of  the  incoming  Dartmouth,  Amherst,  and  adjacent  glaciers. 

The  places  of  relatively  shoal  water  at  the  southern  end  of  College  Fiord,  discussed 
in  the  next  chapter,  seem  to  be  clearly  of  the  moraine  bar  type,  though  we  have  no 
clear  proof  that  they  are  not  built  upon  a  broad  rock  swell,  just  above  the  entrance  of 
the  former  incoming  Barry  Arm  Glacier. 

Besides  the  visible  hanging  valleys  above  tide  water  (PI.  CXXV)  there  are  several 
submerged  hanging  valleys  (PI.  CXXVI).  The  cove  in  which  Wellesl^  Glacier  now 
ends,  and  which  has  a  maximum  depth  of  about  48  feet,  hangs  756  feet  above  the 
bottom  of  the  main  fiord.  The  arm  of  the  fiord  terminated  by  Yale  Glacier  hangs  498 
feet  above  the  main  fiord  (Fig.  42).  This  submerged  hanging  valley  shows  clearly  that 
Harvard  Glacier  has  always  been  the  chief  tributary  of  the  College  Fiord  ice  tongue, 
eroding  more  efficiently  than  the  Yale  Glacier  at  the  time  when  the  latter  was  a  trib- 
utary of  the  former.  The  cove  at  the  mouth  of  Coghill  River  probably  has  a  similar 
hanging  relationship;  and  College  Fiord  hangs  above  Port  Wells,  but  how  much  is 
unknown  because  of  the  complication  of  glacial  deposits. 

Glacial  Deposits.  Deposits  of  glacial  origin  are  not  common  in  the  College  Fiord 
region.  They  include  (1)  ground  moraine,  (2)  terminal  moraines,  (3)  lateral  moraines 
and  terraces,  (4)  outwash  gravels,  and  (5)  deposits  below  sea  level. 

The  ground  moraine  is  everywhere  thin  and  except  for  scattered  erratic  bowlders  is 
entirely  absent  on  steep  slopes,  but  on  the  more  gently  sloping  portions  of  the  fiord 
walls,  the  deposit  is  thicker.  The  low  flat  strip  of  land  on  the  southern  side  of  Yale 
Arm  has  a  thin  veneer  of  glacial  deposits,  there  being  well  developed  morainic  topog- 
raphy with  ridges  and  hollows,  the  latter  containing  pools. 

Since  the  larger  glaciers  end  in  the  water,  terminal  moraines  are  few  in  number.  Men- 
tion has  already  been  made  of  the  long,  narrow,  piedmont  strip  on  the  western  side  of 
College  Fiord,  built  up,  in  part  at  least,  by  deposits  from  the  several  cascading  glaciers, 
such  as  the  crescentic  terminal  moraines  south  of  Bryn  Mawr  and  Wellesley  Glaciers. 
Possibly  this  area  also  includes  some  deposits  of  the  earlier,  expanded  Harvard  Glacier. 
Mendenhall  states  ^  that  in  the  valley  of  Coghill  River  there  are  ''several  small  lakes 

1  Mendenhall.  W.  C,  iO\h  Ann.  Rept.,  U.  S.  Ged.  Survey,  Fkrt  VII,  1900,  p.  273. 
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filling  depressions  back  of  morainal  dams."  The  larger  of  these.  Lake  Coghill,  may 
be  held  in  by  recessional  terminal  moraines  of  either  Dartmouth  or  Williams  Glacier. 

Of  the  lateral  moraines  the  one  on  the  western  side  of  College  Point»  between  Har- 
vard and  Yale  arms,  is  typical  (PI.  CXXVI),  consisting  of  till  and  stratified  gravels, 
evidently  built  between  the  glacier  and  the  mountain  side.  It  has  several  terrace 
levels  forming  a  morainic  prow  on  both  sides  of  College  Point.  In  some  places  the 
terrace  is  surmounted  by  push  moraines,  in  other  places  with  ridges  which  may  either 
be  constructional  or  due  to  stream  channeling.  Most  of  these  ridges  are  unquestion- 
able push  moraines,  showing  that  the  ice  margin  oscillated  at  this  edge.  The  lowest 
terrace  slopes  southwestward  from  the  900  foot  contour  above  the  end  of  Yale  Glacier 
to  an  elevation  of  575  feet  near  the  end  of  College  Point.  Gravel  remnants  suggest- 
ing a  corresponding  moraine  on  the  eastern  side  of  Yale  Arm  descend  from  an  elevation 
of  1017  feet  near  the  glacier  to  200  feet  about  three  miles  to  the  southwest.  These 
gravel  remnants  are  covered  by  distinctive  vegetation. 

Above  timber  line,  but  in  the  zone  of  alder  growth,  on  the  slopes  of  Mt.  Emerson, 
south  of  Holyoke  Glacier  certain  shelves  or  benches  (Fig.  43)  suggest  moraine 
terraces.  In  places  there  are  three  levels,  with  alluvial  fans  and  snowbanks  above. 
Between  Barnard  and  Holyoke  glaciers  there  is  one  shelf,  not  seen  north  of  Barnard 
Glacier.  Near  Holyoke  Glacier  it  is  about  1500  feet  above  sea  level.  Below  Mt. 
Emerson  it  slopes  southward  down  to  approximately  1200  feet,  dying  out  opposite 
Coghill  River,  and  a  bench  above  this  one  extends  a  little  farther  south. 

The  outwash  gravels  near  Amherst,  Crescent,  Williams,  and  Dartmouth  Glaciers 
form  the  largest  area  of  this  kind  of  deposit  in  College  Fiord. 

Below  sea  level  there  are  no  definitely  proved  submerged  moraines  except  the  two 
moraine  bars  at  the  entrance  to  Port  Wells,  described  in  the  next  chapter.  The  342 
foot  ridge  or  swell  between  Smith  and  Biyn  Mawr  Glaciers,  rising  400  feet  above  the 
fiord  bottom  to  the  north,  may  be  a  submerged  moraine.  The  174  foot  swell  just  west 
of  lower  Coghill  River  may  possibly  be  a  submerged  moraine.  As  already  indicated 
the  shallow  southern  part  of  College  Fiord  seems  more  likely  to  be  due  to  lack  of  ex- 
cavation than  to  glacial  deposition  under  water.  A  minor,  projecting  point  on  the 
western  side  of  the  fiord,  near  the  264  foot  sounding,  in  this  southern  portion,  suggests 
a  submerged  moraine  bar,  but  the  soundings  are  not  detailed  enough  to  determine 
this. 

Vegetation  in  College  Fiord.  The  vegetation  in  College  Fiord  furnishes  important 
evidence  concerning  the  episodes  of  former  glaciation.  Gilbert  pointed  out  in  1899 
some  of  the  relationships  of  trees  near  the  Yale,  the  Harvard,  and  the  cascading  gla- 
ciers, and  stated  that  "a  little  farther  south  the  coast  is  forested,  and  the  trees  climb 
up  a  few  hundred  feet  on  the  moraine  heaps  under  the  hanging  glaciers.  They  are 
separated  from  the  ice,  first  by  a  broad  belt  of  alders,  and  then  by  a  barren  zone.  As 
the  spruce  forest  in  College  Fiord  nowhere  stands  close  to  the  ice,  but  is  separated 
by  a  barren  zone,  it  seems  fair  to  assume  that  the  ice  has  occupied  this  zone  so  re- 
cently that  the  period  since  its  shrinkage  has  not  sufficed  for  reforesting;  but  no 
facts  are  recorded  tending  to  show  the  nature  of  the  changes  immediately  preceding 
our  visit."  As  we  have  already  shown,  by  July,  1910,  most  of  the  barren  zones  had 
been  overridden. 

We  observed  the  following  additional  relationships  of  vegetation  to  the  fiord  walls 
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and  the  glaciers.  In  outer  College  Fiord  near  Port  Wells  and  on  the  flats  near  Amherst 
Glacier,  there  is  thick,  mature  spruce  and  hemlock  forest.  On  the  eastern  side  the 
forest  extends  northward  nearly  to  Yale  Glacier,  ending  at  sea  level  in  the  cove  three 
miles  southwest  of  the  glacier.  From  this  point  northward  there  is  no  forest  at  sea 
level,  though  scattered  thickets  of  willow  and  alder  have  reached  considerable  aise. 
On  the  eastern  mountain  side,  however,  mature  spruce  extends  nearly  up  to  the  first 
tributary  of  Yale  Glacier.  It  is  limited  above  by  a  nearly-horizontal  timberiine,  but 
its  lower  edge  is  a  rather  regular,  sloping  boundary^  1017  feet  above  sea  level  near 
the  glacier  and  200  feet  in  the  cove  to  the  southwest,  practically  coinciding  with  de* 
posits  thought  to  represent  a  faint,  disconnected  lateral  moraine. 

The  western  side  of  Yale  Arm  has  a  similar  distribution  of  mature,  thickset  timber, 
whose  growth  must  have  taken  a  century  or  more.  At  the  end  of  College  Point  there  are 
scattered  individuals  of  mature  spruce  at  sea  level,  while  the  thick,  mature  forest  begins 
at  an  elevation  of  about  575  feet,  rising  northeastward,  with  the  lateral  moraine  already 
described,  to  900  feet  near  the  western  edge  of  Yale  Glacier.  Above  this  line  the  forest 
extends  up  the  mountain  slope  to  the  timberline;  but  below  it  are  only  scattered  young 
conifers  and  dense  thickets  of  alder  and  willow  up  to  and  beyond  the  end  of  the  glacier. 
In  these  lower  levels  there  is  no  thick  mature  evergreen  forest  such  as  extends  up  to 
the  very  edges  of  Columbia  and  Meares  Glaciers.  Some  of  the  alders  close  to  the  front 
of  Yale  Glacier  are  33  years  old  and  the  oldest  willow  seen  had  ten  annual  rings.  From 
this  statement  it  is  evident  that  the  forest  conditions  in  Yale  Arm  of  College  Fiord 
are  unusual,  for  there  is  a  wedge  of  thick,  mature,  coniferous  forest  on  each  side,  ex- 
tending upward  to  a  normal  but  somewhat  irregular  timberline,  and  limited  below  by 
a  regular  line,  highest  near  the  glacier  and  sloping  gradually  southwestward  to  sea 
level.  The  questions  naturally  arise:  Is  the  absence  of  forest  in  the  lower  part  of  this 
area  to  be  explained  by  unsuitability  of  (a)  the  slopes,  or  (b)  the  soil?  Or  is  it  due  to 
a  difference  in  the  length  of  time  during  which  this  area  has  been  available  for  tree 
growth?  The  last  seems  to  be  the  case,  for  in  the  southern  part  of  College  Fiord  there 
is  thick,  mature  forest  on  all  sorts  of  slopes  and  soils.  The  cause  which  until  recently 
has  kept  the  forest  from  growing  in  this  lower  belt  was  clearly  the  Yale  Glacier,  for  an 
advance  to  or  near  the  mouth  of  Yale  Arm  would  cover  the  fiord  walls  up  to  about 
the  present  lower  limit  of  the  forest.  The  unforested  area  is,  therefore,  interpreted  as  a 
former  barren  zone,  already  thickly  covered  with  alders  and  willows,  some  of  which  are 
33  or  more  years  old,  while  scattered  young  conifers  have  taken  root  where  slope,  soil, 
and  adjacent  seeding  ground  are  most  favorable. 

This  interpretation  is  based  upon  our  belief  that  the  upper  belt  of  thick,  mature 
forest  is  a  remnant  of  a  forest  which  formerly  clothed  the  entire  lower  portion  of  the 
fiord  wall,  and  not  a  forest  that  grew  where  it  is  while  the  glacier  occupied  the  area 
below  it.  Such  renmant  forests  exist  to  the  west  in  Harriman  Fiord,  and  we  are  in- 
clined to  interpret  this  one  as  of  the  same  character,  in  spite  of  the  fact  that  in  this 
case  we  saw  no  push  moraines  with  dead  tree  trunks  at  the  lower  and  outer  edges  of 
the  forest.  The  vegetation  in  Yale  Arm,  therefore,  is  interpreted  as  showing  that  the 
glacier  extended  out  nearly  to  the  end  of  College  Point  not  less  than  33  years  ago;  and, 
furthermore,  that  for  a  century  or  more  it  has  not  extended  farther  than  that,  nor 
higher  than  900  to  1017  feet  above  the  present  terminus. 

>  Not  horisontal.  at  Grant  thought.    Op.  cit.,  p.  824. 
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On  the  western  side  of  lower  College  Fiord  there  is  continuous  thick,  mature,  conif- 
erous forest  at  sea  level  as  far  north  as  Barnard  Glacier;  but  beyond  that  there  are 
only  scattered  groves,  interrupted  by  the  barren  zones  of  the  cascading  glaciers.  The 
spruces  surrounding  the  barren  bulb  of  Vassar  Glacier  grow  only  near  sea  level,  not 
extending  up  the  steepened  fiord  walls  as  they  do  between  Barnard  and  Wellesley  Gla- 
ciers. One  of  the  spruces  at  sea  level,  near  the  north  side  of  Vassar  Glacier,  was  16 
inches  in  diameter  five  feet  above  the  ground  and  must  have  grown  a  centuiy  old  or 
more.  Between  Vassar  and  Biyn  Mawr  Glaciers  there  are  only  a  few  spruces  at  sea 
level;  but  at  about  the  hanging  valley  level  there  are  two  large  groves.  Between  Bryn 
Mawr  and  Smith  Glaciers  there  are  scattered  mature  spruces  at  the  hanging  valley 
level  near  the  former,  at  about  the  1000-foot  level  near  the  latter,  and  at  sea  level  on 
the  south  side  of  Smith  Glacier.  Between  Smith  and  Harvard  Glaciers  there  are  scat- 
tered spruces  nearly  down  to  sea  level,  extending  much  closer  to  Harvard  Glacier  than 
Gilbert  thought;  and  one  which  had  just  been  pushed  over  by  the  advancing  glacier 
in  1910  was  over  a  foot  in  diameter  and  therefore  probably  nearly  or  quite  a  century 
old. 

North  of  College  Point,  on  the  eastern  side  of  College  Fiord,  there  is  thick  mature 
forest  at  sea  level,  as  far  as  Photo  Station  K  (Fig.  43).  North  of  this,  to  a  point  oppo- 
site Smith  Glacier,  there  are  large  groves,  also  at  sea  level,  interspersed  with  open  spaces; 
and  a  few  scattered  spruces  grow  up  to  the  veiy  edge  of  Harvard  Glacier.  Through- 
out Harvard  Arm  and  lower  College  Fiord,  the  open  spaces  are  covered  by  dense  thickets 
of  good-sized  alders  and  willows  and,  except  in  the  narrow  barren  zones  of  the  cascading 
glaciers,  there  is  no  considerable  area  with  as  sparse  growth  as  on  the  eastern  side  of 
Yale  Arm. 

Thus  Harvard  Arm  has  much  more  forest  than  Yale  Arm,  and  the  eastern  side  is 
more  thickly  forested  than  the  western  where  the  cascading  glaciers  have  broken  it 
up.  The  conditions  in  Harvard  Arm  show  clearly  that  Harvard  Glacier  has  not  re- 
cently extended  southward  beyond  Pt.  K.,  where  the  thick  forest  ends,  and  that  for 
at  least  a  century  no  advance  has  gone  as  far  as  the  one  which  was  in  progress  in  1910, 
contrasting,  therefore,  with  the  recent  behavior  of  Yale  Glacier. 

Reason  for  Advances  of  Glaciers 

It  is  not  perfectly  clear  why  the  glaciers  of  Unakwik  Inlet  and  College  Fiord  are 
oscillating,  some  advancing  and  some  retreating.  The  fundamental  cause  is,  of  course, 
involved  with  snow  supply  and  with  rate  of  melting  as  determined  by  temperature. 
Climatic  records  are  so  incomplete  that  we  cannot  settle  this  question  and  it  is  quite 
possible  that,  as  in  Yakutat  Bay,  the  snow  supply  of  any  glacier,  or  group  of  ice  tongues, 
might  have  been  increased  by  avalanching  during  earthquakes,  rather  than  by  increase 
of  precipitation.  These  glaciers  of  northern  Prince  William  Sound  lie  entirely  outside 
the  zone  affected  by  great  avalanching  during  the  Yakutat  Bay  earthquakes  of  Sep- 
tember, 1899;  but  there  have  been  a  number  of  other  severe,  recent  earthquakes  in 
Alaska,  whose  origins  were  in  or  near  the  region  of  these  advancing  glaciers.  One  such, 
in  October,  1900,  was  of  considerable  intensity. 

The  Yakutat  Bay  glaciers  which  have  so  far  advanced  as  a  result  of  the  1899  earth- 
quakes are  of  variable  sizes  and  have  responded  in  order  of  size,  the  smaller  ones  first. 
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The  advancing  glaciers  in  Prince  William  Sound  are  also  of  variable  sizes;  but  here 
the  largest,  Columbia  and  Valdez,  seem  to  have  begun  to  advance  in  1907-06,  long 
before  the  smaller  College  Fiord  and  Unakwik  Inlet  ice  tongues.  Here,  nine  or  more 
glaciers,  the  large  Harvard,  Yale,  and  Meares  Glaciers,  and  the  smaller,  Wellesl^, 
Vassar,  Bryn  Mawr,  Smith,  Radcliffe,  Barnard,  and  possibly  other  small  ones,  all  b^aD 
to  advance  together  in  1909-10.  This  absence  of  relation  between  size  and  period  of 
advance,  and  the  lack  of  spasmodic  transformation  to  activity  with  rapid  return  to 
stagnation,  observed  in  Yakutat  Bay,  suggests  that  the  advances  now  in  progress  in 
this  part  of  Prince  William  Sound  are  probably  climatic. 

The  following  table  ^  shows  the  precipitation  record  from  the  nearest  stations.  It 
also  suggests  that  the  glacier  advances  in  College  Fiord  and  Unakwik  Inlet  are  dimatic. 
The  data  is  given  both  in  snowfall  and  in  total  precipitation  (rainfall  plus  melted  snow)„ 
and  is  arranged  by  years  from  July  31  to  July  31,  so  that  the  snowfall  of  the  winters  of 
two  calendar  years  appears  together,  that  is  by  snow  years. 


Table  Showing  Precipitation  from  (1)  Fort  Liscum  Near  Valdez,  (2)  Sumbisb 

ON  Turnagain  Arm,  (3)  Kenai  on  Cook  Inlet,  All  at  Sea-Level» 

AND  (4)  Copper  Center,  1000  Feet  Above  Sea-Level 


Yetf 

Total  Pleapitatioii*  in  inchet 

Snowfall,  in  inchet 

Fort  Liflcum 

Fortliflcum 

Sunriae 

Kenai 

Copper  Center 

1901—02 
1001^-08 
1008—04 
1004—05 
1905-06 
1906—07 
1907—08 
1908—09 
1901^10 

78.67 
96.86 
57.88 
69.58 
72.62 
72.81 
91.85 
73.52 
70.29 

884.4 
671.1 
255.9 
187.8 
888.5 
299.0 
447.2 
888.7 
458.5 

89.4 
128.4 
112.1 

88.8 
158.9 

85.0 
182.2 

82.8 
109.1 
92.6 
40.1 
48.7 
47.1 

86.5 
47.1 
85.5 
64.1 
28.S 
81.5 
27.0 
88.0 

Mean 

75.77 

870.1 

112.1 

60.8 

86.6 

It  might  be  thought  that  the  increase  in  snowfall  at  Fort  Liscum  (a)  from  834  inche» 
in  1901-190£  to  671  inches  in  1902-1903»  an  augmentation  of  337  inches  or  28  feet» 
or  (b)  from  299  inches  in  1900-1907  to  447  inches  in  1907-1908»  an  increase  of  148  inches 
or  12^  feet,  or  (c)  from  338  inches  in  1908-1909  to  458  inches  in  1909-1910,  an  increase 
of  120  inches  or  10  feet,  would  be  quite  adequate  to  account  for  the  advance  of  the  eight 
glaciers  in  College  Fiord.    To  this  there  are  two  possible  objections. 

First,  Fort  Liscum,  the  nearest  of  the  U.  S.  Weather  Bureau  observatories,  is  nearly 
50  miles  from  College  Fiord  (PI.  XCIII) ;  and  it  is  by  no  means  certain  that  the  climatic 
oscillations  are  similar  and  synchronous.  Unfortunately  the  other  places  where  precipi- 
tation records  are  kept,  to  the  north  and  southwest  of  College  Fiord,  are  in  regions  of 
dissimilar  climate  and  the  records  are  incomplete,  though  the  table  just  quoted  shows 

>  Martin,  Lawrence,  Some  Features  of  Glaciers  and  Glaciation  in  the  College  Fiord,  Rriace  ^^^lliam 
Sound,  Alaska,  Zeitschrift  fUr  Gletscherkunde,  Band  VII,  Heft  5,  191S,  pp.  28-31. 
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that  the  snowfall  (a)  at  Kenai,  130  miles  southwest  of  College  Fiord  increased  from  d£ 
inches  in  1901-1902  to  109  inches  in  1902-1903,  corresponding  to  the  great  increase  at 
Fort  Liscum  in  1902-1903»  and  (b)  the  snowfall  at  Sunrise,  ^  miles  southwest  of 
College  Fiord,  increased  from  83  inches  in  1900-1907  to  158  inches  in  1907-1908,  cor- 
responding to  the  increase  at  Fort  Liscum  in  the  latter  year.  At  Chickaloon,  950  feet 
above  sea  level  in  the  Matanuska  valley  north  of  the  Chugach  Mountains  and  only  45 
miles  northwest  of  College  Fiord,  we  have  snowfall  records  during  only  two  winters. 
These  show  95^  inches  in  1907-1908  (October  25  to  March  31)  and  only  75}  inches 
during  the  corresponding  months  of  1910-1911.  At  Copper  Center,  90  miles  north- 
east of  College  fiord,  the  increased  snowfall  appears  for  1907-1908,  but  there  was  not 
as  much  in  1902-1903  as  in  the  following  year,  and  the  greatest  snowfall  was  in  1905- 
1906.  Ten  out  of  fifteen  other  stations  in  distant  parts  of  Alaska,  however,  show  a 
great  increase  of  snowfall  in  1902-1903  and  1907-1908. 

Secondly,  the  two  glaciers  extending  down  to  sea  level  close  to  Fort  Liscum  show  no 
adequate  response  to  the  increase  in  snowfall  in  1907-1908.  Valdez  Glacier  is  only  8 
miles  north  and  Shoup  Glacier  only  10  miles  northwest  of  Fort  Liscum.  Following  the 
doubling  of  snowfall  in  1902-1903,  however,  the  Valdez  Glacier  had  a  slight  advance 
between  1905  and  1908;  but  the  adjacent  Shoup  Glacier  had  no  such  advance,  and  Valdez 
Glacier  moved  forward  only  250  to  300  feet  and  then  commenced  to  recede  again,  as  it 
has  done  ever  since  and  as  we  know  from  annual  observations  that  it  has  been  doing  ever 
since  1898.  Columbia  Glacier,  midway  between  College  Fiord  and  Fort  Liscum,  began 
to  advance  in  1908  and  continued  slow  forward  motion  at  least  until  1911. 

All  this  suggests  that  the  tremendous  annual  snowfall  of  187  to  671  inches  (15}  to  56 
feet)  at  Fort  Liscum,  and  the  smaller  amounts  at  Sunrise,  Kenai,  and  Copper  Center, 
may  not  be  representative  of  the  snowfall  in  the  n£v6  fields  of  the  adjacent  glaciers,  where 
the  precipitation  is  probably  even  greater,  but  does  not  necessarily  fluctuate  in  exactly 
the  same  way. 

On  these  accounts,  though  it  is  probably,  it  is  not  absolutely  safe  to  ascribe  the  for- 
ward movement  of  the  Meares  Glacier  in  Unakwik  Inlet  and  the  eight  glaciers  in  College 
Fiord  in  1910  to  the  increased  precipitation  recorded  at  Fort  Liscum  during  the  winters 
of  1902-1903  or  1907-1908.    The  temperature  records  are  open  to  the  same  limitations. 

The  only  satisfactory  attitude  to  take  at  present  is  to  ascribe  this  great  renewal  of 
activity  of  certain  of  these  glaciers  either  (a)  to  climatic  variations  or  (b)  to  earth- 
quake avalanching,  and  then  wait  to  see  whether  other  adjacent  glaciers,  now  retreat- 
ing, such  as  the  Amherst  in  College  Fiord  and  the  Barry  in  Harriman  Fiord,  also  ad- 
vance, and  whether  those  now  advancing  continue  to  advance  for  several  years  as  the 
Columbia  Glacier  has  done,  suggesting  a  climatic  explanation,  or  whether  they  develop 
the  characteristics  of  the  earthquake-stimulated  Yakutat  Bay  glaciers,  having  spas- 
modic advances  which  are  of  short  duration.  It  would  be  most  desirable  if  some  one 
could  revisit  the  Unakwik  Inlet  and  College  Fiord  glaciers  in  a  year  or  two  to  gather 
information  on  this  important  question. 

The  initiation  of  what  seems  to  be  a  general  advance  of  the  glaciers  of  western  Prince 
William  Sound  is  a  matter  of  no  little  importance.  Fourteen  ice  tongues  began  to  ad- 
vance in  1909-1910 — eight  of  them  in  College  Fiord — and  a  fifteenth  had  conmienced 
to  move  forward  in  1908.  The  importance  lies  (a)  in  distinguishing  whether  this  advance 
is  climatic  or  due  to  earthquake  avalanching;  (b)  in  determining  whether  the  advance  is 
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a  minor  interruption  of  the  previous  slow  retreat,  as  the  increase  in  snowfall  for  only  one 
year  at  a  time  would  suggest;  and  (c)  in  affording  an  opportunity » in  case  the  advance  is 
climatic  and  is  not  a  small  local  affair,  of  seeing  how  long  after  an  increase  in  snowfall 
the  general  advance  begins  and  for  what  period  of  years  it  continues.  In  the  latter  case 
the  advance  might  go  on  for  some  considerable  part  of  the  period  of  85  to  50  years  observed 
in  many  glaciers  of  the  Alps  and  other  mountain  regions.^  It  is  especially  interesting 
as  possibly  yielding  future  data  in  connection  with  the  35  year  periods  described  by 
Brttckner.*  It  would  be  most  desirable  if  some  one  could  revisit  the  Unakwik  Inlet  and 
College  Fiord  glaciers  and  the  others  in  Harriman  Fiord  and  the  remainder  of  western 
Prince  William  Sound  after  a  few  years  to  gather  information  on  this  important  question* 

i  Ford,  A.,  Jahrbuch  des  Schw.  Alp.  Verein,  Annual  volumet  beginning  in  1881. 

Rabot,  C,  Revue  de  Gladologie,  Ann.  du  Club  alpin  FnuiQais,  Vol.  XXVIII.  Faria,  1902;  Ibid,,  No.  t»  0|>. 
dt..  Vol.  XXIX,  Paris,  1903;  Ibid.,  No.  8,  Mtooires  de  la  Sod^U  Fribourgeoiae  des  Sdences  natureUet,  Vol.  V, 
Fribouig,  1909. 

Finflterwalder,  S.,  Comptes  rendus  du  Congrts  g6ologique  international,  de  Vienne,  1908,  pp.  101-160. 

Rdd,  H.  F.,  Variations  of  Gladers,  Jour.  Geol.,  Vol.  m,  1895,  pp.  278-288;  and  annually  since  then  in  the 
Journal  of  Geology.    See  also  the  annual  volumes  of  the  Zdtsdirift  fUr  Gletsdiericunde. 

Brtiduier,  Eduard,  La  Commission  Internationale  des  Gladers  au  Congrte  gfologique  international,  Stodc* 
hdm,  aodt,  1910,  Zdtsdirift  fUr  Gletsdierinmde,  Band  V  1911,  pp.  161-176. 

*  Brtiduier,  Eduard,  Klima-Sdiwankungen  sdt  1700,  Geog.  Abhand.  von  Dr.  Pendc,  Band  IV,  YHmK  1880^ 
pp.  188-198. 


CHAPTER  XVI 

GLACIERS  OP  HARRIMAN  FIORD  AND  PORT  WELLS 


Harriuan  Fiord 

General  Description.  Harriman  Fiord  is  the  northwestern  arm  of  Port  Wells,  the 
northeastern  branch  being  College  Fiord.  It  has  the  form  of  a  bent  arm.  The  lower 
part  of  this  fiord  from  Port  Wells  to  the  elbow  is  called  Barry  Arm.  It  extends  north- 
westward from  Pt.  Pakenham  for  a  distance  of  about  8  miles,  Barry  Glacier  being  at 
the  elbow  end  (Map  8). 

Harriman  Fiord  proper  extends  westward  from  the  elbow  of  Pt.  Doran  at  right  angles 
to  Barry  Arm  and  then  turns  southwest,  having  a  total  length  of  over  12  miles,  and 
terminating  at  the  tidal  front  of  Harriman  Glacier.  About  half  way  down  the  western 
side  is  a  tributary  fiord  2^  miles  long,  terminated  at  the  western  end  by  Surprise  Gla- 
cier. On  the  southern  side  of  this  inlet  is  Cataract  Glacier,  which  descends  the  fiord 
wall  to  tidewater.  About  half  way  between  Surprise  and  Barry  Glaciers  is  the  fifth 
tidal  ice  tongue  of  Harriman  Fiord,  Serpentine  Glacier,  which  ends  in  a  small  cove.  The 
other  ice  tongues  of  the  fiord,  none  of  which  reach  the  sea,  are  Toboggan,  Baker,  De- 
tached, Roaring,  Dirty,  Wedge,  and  a  number  of  smaller  ones.  The  snow  line  is  at 
an  elevation  of  2000  to  £500  feet  (PI.  CXVH,  B),  and  above  it  the  proportions  of  snow 
covering  and  bare  rock  vary  with  the  slopes. 

Barry  Arm  and  Harriman  Fiord  are  from  1  to  3  miles  wide  and  are  bordered  by  steep 
fiord  walls,  rising  from  8000  to  4000  feet  within  a  mile  of  the  fiord  and  with  many  peaks 
attaining  greater  heights,  including  Mt.  Gilbert,  10,194  feet  high,  the  highest  peak  in 
the  western  Chugach  Mountains  (PI.  CXXVII),  at  a  distance  of  5l  miles  from  the 
fiord,  Mt.  Gannett,!  9240  feet  high  (PI.  CXXVIII),  5  miles  from  the  fiord,  and  Mt. 
Muir,  8207  feet,  2  miles  from  the  fiord.  Harriman  Fiord  lies  in  the  very  heart  of  the 
Chugach  Mountains  and  the  northern  slopes  of  Mts.  Gilbert,  Muir,  and  Gannett  supply 
ice  for  the  Knik  Glacier  which  flows  northward  to  the  Matanuska  Valley  and  the 
head  of  Cook  Inlet.  A  high  glacier  between  Mt.  Gilbert  and  Mt.  Gannett,  visible 
from  Port  Wells,  is  probably  a  part  of  the  north-flowing  glacier  system. 

Previous  Studies,  The  Barry  Arm  portion  of  Harriman  Fiord  was  shown  roughly 
upon  maps  by  Vancouver  in  1794,*  Applegate  in  1887,'  and  Glenn,*  Castner  *  and  Men- 

1  Named  in  1910  for  Henry  Gannett,  President  of  the  National  Geographic  Society,  who  was  a  member 
of  the  Harriman  Expedition  in  1899  and  who  first  mapped  the  glaciers  of  this  fiord. 

s  Vancouver,  Capt.  George,  A  Voyage  of  Discovery  to  the  North  Pacific  Ocean  and  Round  the  World, 
Vol.  V,  1801,  p.  S12;  map  also  in  Davidson  (see  below),  PI.  V. 

*  Applegate  S.,  map  in  Davidson's  Glaciers  of  Alaska  that  are  Shown  on  Russian  charts  or  Mentioned  in 
Older  Narratives,  Trans,  and  Proc.  Geog.  Soc.  Pacific,  Vol.  3,  1904,  PI.  XI. 

« Glenn,  £.  F.,  War  Dept.,  Adj.  Gen.  Office,  No.  XXV,  1899,  pp.  19,  21,  and  map  (in  pocket). 

•  Castner,  J.  C,  Ibid.,  p.  191. 
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denhall  ^  in  1898,  the  Barr^'  Glacier  being  briefly  mentioned  in  the  later  accounts.  In 
1794,  1887  and  1898  Barry  Glacier  extended  nearly  mross  to  Point  Doran,  so  that, 
from  near  Ft.  Pakenham,  at  the  northern  end  of  Port  Wells,  Barry  Arm  seemed  to 
terminate  there. 

It  was  not  until  1899  that  the  existence  of  the  southwestern  portion  of  the  fiord  was 
discovered  by  white  men,  though  Grant  states  tliat  native  seal  hunters  had  previously 
entered  it.  In  that  year,  the  Harriman  Expedition,  going  close  to  the  front  of  Bany 
Glacier,  discovered  the  inlet  to  the  southwest  which  they  entered  and  explored.  The 
Harriman,  Cataract,  Surprise,  Serpentine,  and  smaller  glaciers  were  described  for  the 
first  time  by  various  members  of  the  party,'  including  G.  K.  Gilbert.'  A  map  was 
made  by  Gannett^  (PI.  CXXIX,  A),  and  the  glaciation  of  Harriman  Fiord  and  Port 
Wells  was  studied. 

In  1905,  1908  and  1909  Harriman  Fiord  was  visited  by  Grant,*  Paige  and  TTiggina, 
who  remapped  the  glaciers,  taking  many  photographs,  describing  the  great  retreat  of 
Barry  Glacier  from  1899  to  1909,  and  giving  many  new  facts  about  the  glaciers  and 
glaciation  of  the  region. 

The  National  Geographic  Society's  expedition  of  1910  spent  July  25th  to  August  2d 
in  Harriman  Fiord  and  Port  Wells,  studying  the  glaciers  and  the  former  glaciation.* 
making  special  maps  of  a  number  of  the  ice  tongues,  and  soundings  throughout  Hani- 
man  Fiord  and  Port  W^ells. 

Barry  Glacier.  Barry  Glacier,  heading  in  snowfields  on  Mt.  Gannett  and  iitini^Tn^ 
peaks  8000  to  9000  feet  high,  west  of  the  cascading  glaciers  of  College  Kord,  has  a 
known  length  of  over  9  miles,  and  is  about  a  mile  wide  in  its  lower  valley.  Close 
to  the  terminus  it  is  joined  by  the  Cascade  and  Coxe  Glaciers,  cascading  tributaries 
each  half  a  mile  wide,  which  increase  the  width  of  the  main  glacier  to  a  mile  and  three 
eighths  at  the  terminus.  The  glacier  ends  in  a  wide  ice  precipice  between  200  and 
300  feet  high,  discharging  small  icebergs.  The  slope  of  the  main  glacier  surface  is  S50 
to  400  feet  to  the  mile  and  it  is  severely  crevassed  from  side  to  side. 

The  Coxe  and  Cascade  tributaries,  severely-crevassed,  cascading  gladers,  slope  8000 
to  8000  feet  to  the  mile.  The  former,  heading  in  cirques  near  Mt.  Coville  '  and  Mt. 
Emerson,  has  no  medial  moraines.  There  is  a  lateral  moraine  on  the  west  side  but  none 
on  the  east.    This  western  lateral  moraine  coalesces  with  a  lateral  and  east  medial  of 


1  Mendenhall,  W.  C.  20th  Ann.  Kept.,  U.  S.  Geol.  Survey,  Part  VII,  1900,  p.  325  and  fiiap  16. 

•  Gannett,  Henry,  Nat.  Geog.  Mag.,  Vol.  X,  1899,  pp.  510-511;  Bull.  Amcr.  Gcog.  Sue,  Vd.  XXXL 
1899.  pp.  S46-S47,  354-355;  Harriman  Alaska  Expedition,  Vol.  II,  1901,  p.  263;  abo  Muir,  John,  /W., 
Vol.  I,  1901,  pp.  132-133;  also  Burroughs,  John,  Ibid,,  Vol.  I,  1901,  pp.  71-74.  Blany  of  the  photognqphs 
most  useful  in  connection  with  the  subsequent  retreat  of  the  ^aders  are  by  C.  Hart  Merriam. 

>  GUbert,  G.  K.,  Harriman  Alaska  Expedition,  Vol.  Ill,  1904,  pp.  89-97,  174,  176. 
*Ilnd.    Fl.  Xin,  facing  p.  80. 

•  Tidewater  Glaciers  of  Prince  William  Sound  and  Kenai  Peninsula,  Bull.  U.  S.  Geol.  Surv^  Qn  pRp- 
aration);  in  Rdd's  Variations  of  Gladers.  Journ.  Geol.,  Vol.  XIV,  1906,  p.  407;  Ibid..  Vol.  XIV,  1906^ 
p.  671;  also  maps  in  Bull.  284,  U.  S.  Geol.  Survey,  1906,  Fig.  4,  p.  79;  Ibid.,  BuU.  879,  1909,  FL  IV  bdnf 
p.  88;  Ibid,,  Bull.  443,  1910,  PI.  I,  facing  p.  10,  and  Fl.  U,  in  podrat;  Gladen  of  Port  WcUs,  Prince  WOkm 
Sound,  Bull.  Amer.  Geog.  Soc.,  Vol.  XLUI,  1911,  pp.  327-838. 

•  Martin,  Lawrence,  Nat  Geog.  Mag.,  Vd.  XXII,  1911,  pp.  550-551,  553-560;  Gletsdieruntersuehnngen 
Ittngs  der  KUste  von  Alaska.  Petermann's  Geog.,  Mitteilungen,  Jahrgang  1912,  Septemberheft,  pp.  147-149; 
Collier's  Weekly.  Vol.  XL\TI.  No.  17,  1911.  p.  20. 

'  Named  in  1910  for  Frederidc  V.  Coville  who  vinted  this  region  m  1899  with  the  HaRimaa  Expedition. 


A.    General  View  of  Harvard  GLAaER 
Showing  portion  of  Chugach  Mountaiiis  which  it  drwna.    Photograph  from  Station  N  (Map  T),  July  22,  ISIO. 


B.     IxcuNED  Ends  of  Medial  Moratnts  of  IlmvAnn  Gucier 
Delnilcd  view  of  piirt  of  ii-e  clilf.     ITiotOKrapli,  July  17,  1910. 


Gl.AI.1EK    AdIASI'IXU    INK!   AlDEH    TuifKKT 

On  northern  margin  of  Siiiilh  Glader.     Plioliigropli.  July  ii.  lOIU. 
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A.    General  View  of  Yale  GLAasR 
Photograph  by  C.  Hart  Mcrriam,  1890.    - 


B.    Amherst  asd  Chwlknt  tii^ciKus 
m  soulhem  [mrt  ut  Collt-gc  Kiorrl.     Phutogmph,  July  i.-;  1910. 
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Soundings  in  feet,  contour  Liitt.TviiI  100  feet.     Some  features  of  gindul  erosion  and  deposition  above  se*  level  a] 
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the  main  glacier,  forming  a  weak  medial  moraine  which  terminates  near  the  eastern 
side  of  the  glacier  terminus.  Near  the  western  margin  of  Barry  Glacier  is  an  unusually 
strong,  black  medial  moraine,  separated  from  the  valley  wall  by  a  strip  of  clean  ice 
and  by  a  strong  black  lateral  moraine. 

Cascade  Glacier  (PI.  CXXVIII),  heading  in  6000  to  8000  foot  cirques  on  Mt.  Gan- 
nett, descends  over  the  lip  of  its  hanging  valley  at  a  level  of  about  8000  feet  with  a 
lower  step  at  2100  feet.  The  western  side  of  Cascade  Glacier  has  a  dark  lateral  mo- 
raine which  becomes  the  western  lateral  of  Barry  Glacier  below  their  confluence.  The 
eastern  side  has  none. 

Just  above  the  entrance  of  Cascade  Glacier  the  edge  of  Barry  Glacier  is  forced  up 
on  a  rock  surface  over  which  its  western  lateral  moraine  rides  with  a  fine  ribboned  eflPect; 
but  below  this  point  the  broad  black  moraine  all  but  disappears,  showing  on  the  ter- 
minal ice  cliflF  only  as  a  faint,  narrow  band,  slightly  inclined.  This  disappearance  of 
the  moraine  seems  to  be  due  to  sliding  down  of  fragments  in  the  more  severely  crevassed 
lower  end  of  the  Barry  Glacier  where  it  is  joined  by  the  steeply-descending  Cascade 
Glacier. 

Below  their  confluence  the  Cascade  Glacier  is  compressed  to  half  width  by  the  stronger 
Barry  Glacier,  as  the  medial  moraines  prove.  A  broad  medial  moraine  which  remains 
nearly  vertical  at  the  terminal  ice  cliflF  forms  a  striking  contrast  to  the  inclined  ends 
of  the  Harvard  Glacier  moraines.  The  Barry  and  Harvard  and  the  Cascade  and  Rad- 
cliflFe  Glaciers  have  similar  slopes;  but  the  RadcliflFe  cascading  glacier  retains  nearly 
full  width  at  the  ice  front,  compressing  the  main  Harvard  Glacier  to  half  width,  while 
in  Harriman  Fiord  these  relationships  are  reversed. 

There  are  several  small  glaciers  near  the  Barry  Glacier.  The  group  between  Mt. 
Coville  and  Mt.  Curtis  ^  terminate  8000  feet  above  sea  level.  Two  in  cirques  and  one 
in  a  hanging  valley  between  Bany  and  Serpentine  Glaciers  terminate  2850  to  4000  feet 
above  sea  level. 

Recession.  The  position  of  Barry  Glacier  in  1794  was  apparently  about  the  same  as 
in  1887,  judging  by  Vancouver's  map.  We  have  very  little  information  about  the 
condition  of  the  glacier  at  this  early  date.  Lieutenant  Whidb^  speaking  of  Barry  Arm 
as  ''a  bay,  about  a  league  and  a  half  deep  toward  the  N.  N.  W.,  in  which  were  seen 
several  shoals  and  much  ice." 

Applegate  made  no  description  of  Barry  Glacier  in  1887.  He  went  no  nearer  to  it 
than  Pt.  Pakenham,  marking  the  termination  in  about  the  same  position  as  shown  on 
the  map  of  1898,  and  showing  no  indication  of  the  existence  of  Harriman  Fiord. 

Mendenhall  relates  that  in  1898  Barry  Glacier  was  more  extensive  than  either  Har- 
vard or  Yale  Glaciers.  Glenn,  who  in  the  same  year  named  it  for  Col.  Thomas  H.  Barry, 
said  that  it  was  "one  of  the  most  formidable  as  well  as  the  most  interesting"  of  the 
glaciers  that  th^  saw.  Coming  from  it  they  saw  ''immense  icebergs  that  had  evi- 
dently broken  oflF  from  the  glacier.  Many  of  these  were  from  ten  to  twenty  times  as 
large  as  our  boat."  *  When  th^  were  near  Yale  Glacier,  alternating  two  or  three  times 
an  hour  with  the  roar  of  snowslides,  a  "noise  caused  by  the  falling  of  the  immense  ice 
floes  from  Barry  Glacier,  could  be  heard  like  the  rumbling  of  distant  thunder  and  which 


>  Named  in  1010  for  £.  C.  Curtis  who  took  many  exodlent  photograplu  of  this  and  other  Prince  William 
Somid  gladen,  at  the  time  of  his  visit  with  the  Harriman  Expedition  in  1800. 
s  The  8<dmo,  a  smaU  steamer. 
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seemed  to  shake  the  mountains  on  either  side  of  us.  We  must  have  been  at  least  15 
miles  from  Bany  Glacier,  and  yet  we  could  distinctly  hear  the  icebergs  fidling  from 
it  into  the  sea."  In  May,  1898,  Castner  went  up  Bany  Arm  '*to  within  a  half  mile 
of  the  sea  end  of  the  great  glacier.  Photographs  were  taken  and  the  interesting 
manufacture  of  icebergs  watched.  The  latter  consisted  of  a  breaking  oflF  and  tumbling 
into  the  sea  of  tons  of  blue  ice  from  the  face  of  the  glacier,  accompanied  by  the  roar  of 
a  Niagara,  as  the  berg  started  on  its  ocean  voyage,  eventually  to  melt  and  become  a 
part  of  the  tides  which  now  carried  it  away." 

This  description  by  Castner,  with  the  mention  of  the  great  size  of  icebergs  and  the 
noises  heard  by  Glenn  from  as  far  as  Yale  Glacier^  a  phenomenon  not  observed  in  1910, 
are  quoted  because  they  suggest  some  veiy  great  activity  in  1898.  Field  evidence, 
observed  in  1910,  in  connection  with  a  study  of  the  distribution  of  the  vegetation,  in- 
dependently fixed  1898  as  the  date  of  the  last  great  activity,  which  seems  to  have  ceased 
before  the  visit  of  the  Harriman  Expedition  the  following  year. 

It  is  possible  that  Barry  Glacier  barred  Harriman  Fiord  in  1898,  perhaps  all  but 
touching  Ft.  Doran.  But  the  absence  of  a  barren  zone  on  Ft.  Doran  proves  that  the 
glacier  did  not  actually  rest  upon  this  point.  This  is  probably  because  of  the  extremely 
strong  tides  which  were  observed  here  even  in  1910  after  Barry  Glacier  had  retreated 
S}  miles.  In  1899  the  glacier  front  stood  about  f  of  a  mile  from  Ft.  Doran,  as  Gan- 
nett's  map  shows.  The  narrative  and  photographs  by  members  of  the  Harriman  Expe- 
dition indicate  that  the  discharge  of  large  icebergs,  and  the  imusual  noises  observed 
by  Castner  and  Glenn  a  year  before,  had  ceased.  Gilbert's  description  of  the  1899 
conditions  is  as  follows: 

''Bany  Glacier,  at  the  entrance  to  the  fiord,  approaches  from  the  north-northeast. 
Its  low  grade  indicates  a  distant  source  •  •  •  it  impressed  the  bdiiolder  as  one  of 
the  largest  ice  rivers  of  Fort  Wells.  Its  peculiar  relation  to  the  fiord  causes  it  to  be 
swept  by  the  passing  tide  and  prevents  the  accumulation  of  icebergs  about  its  front, 
but  the  same  relation  exposes  it  to  exceptionally  rapid  melting  by  the  sea,  and  the 
conflict  of  ice  current  with  tidal  current  must  be  active.  The  forward  flow  of  the  ice 
tends  to  narrow  the  strait,  and  this  constriction,  by  increasing  the  speed  of  the  tide, 
enhances  the  melting  power  of  the  water.  The  fact  that  the  glacier  was  able  to  occupy 
two  thirds  of  the  width  of  the  fiord  indicates  that  its  forward  movement  was  strong. 

''Its  moraines  were  of  small  relative  importance,  but  a  belt  along  the  western  margin 
was  darkened  by  drift  and  there  were  two  medials.  One  of  the  latter,  exhibited  in 
section  in  the  face  of  the  cliff,  was  seen  to  be  the  surface  outcrop  of  a  sheet  of  drift- 
charged  ice  which  extended  obliquely  downward,  passing  under  the  western  portion 
of  the  stream. 

"The  cliff  was  further  diversified  by  a  number  of  caves  at  the  water's  edge,  supposed 
to  be  the  mouths  of  englacial  streams. 

"Connected  with  the  eastern  edge  of  the  ice  was  a  long,  narrow  tongue  attached  to 
the  shore  (Fl.  CXXX,  A),  evidently  a  remnant  left  by  the  glacier  at  some  very 
recent  date  when  its  front  was  more  extensive.  As  this  strip  was  not  protected  by 
gravel,  it  must  have  been  wasting  rapidly,  and  the  period  of  its  separation  may  have 
been  only  a  few  months.  I  was  in  doubt  whether  to  ascribe  it  to  a  progressive  shrink- 
age of  the  glacier  or  to  seasonal  variation.  On  the  same  coast  the  forest  did  not  ap- 
proach the  glacier  closely  at  the  water  line,  but  passed  above  it,  leaving  a  barren  zone 
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several  hundred  feet  broad.  The  common  boundaty  of  the  barren  zone  and  forest  waa 
so  well  defined  as  to  indicate  that  it  represented  a  former  limit  of  the  ice,  but  there 
were  no  overturned  trees.  If  the  forest  ever  occupied  the  barren  zone,  and  was  there 
destroyed  by  an  advance  of  the  glacier,  the  occurrence  was  so  long  ago  that  the  over- 
turned tree  trunks  had  disappeared  through  decay.  The  portions  of  the  forest  nearest 
the  ice  included  no  trees  of  large  size,  bat  as  there  were  many  standing  dead  trunks 
it  is  probable  that  the  growth  was  mature  and  that  the  small  size  of  the  trees  indicated 
merely  conditions  unfavorable  to  luxuriant  growth.  Translating  these  facts  into  terms 
of  glacial  history,  it  seems  probable  that  the  Barry  had  been,  at  sometime  within  the 
century,  somewhat  larger  than  when  we  saw  it,  but  that  it  has  not  for  a  series  of  centu- 
ries exceeded  the  limit  marked  out  by  the  neighboring  forest.  If  any  change  had  occurred 
within  the  last  year  or  two  it  was  of  diminution. 

'"Hie  opposite  wall  of  the  fiord  is  forested  down 
to  the  water's  edge,  and  it  is  thus  shown  that  no 
recent  advance  of  the  glacier  has  carried  it  com- 
pletely across  the  channel." 

By  1905  Grant  reports  that  "the  extreme  front 
of  Barry  Glacier  .  .  .  has  retreated  at  least  a 
mile '  since  1899.  The  long  front  which  projected 
into  Doran  Strait  for  nearly  two  miles  has  entirely 
disappeared)  and  the  front  is  now  nearly  straight 
across.  The  little  tongue  of  ice  which  lay  along 
the  east  side  of  the  glacier  has  also  disappeared." 
A  photograph  from  Pt.  Doran  by  Grant  and  Paige 
in  1905  (Fl.  CXXX,  B)  shows  this  retreat  graphi- 
cally in  comparisoD  with  a  photograph  by  Merriam. 
from  Dearly  the  same  site,  showing  enormous 
changes  both  on  the  southwest  and  the  southeast. 
Barry  Glacier  was  revisited  by  Grant  in  1908  and 
"its  front  was  found  to  have  retreated  on  the  east 
ade  about  a  fourth  of  a  mile,  and  more  than  this  on  the  west  side." '  Grant's  1909 
I^otographs  (PI.  CXXXI,  A)  show  that  a  year  later  the  retreat  of  the  western  edge 
had  increased  about  880  feet,  and  he  has  stated  that  the  middle  of  the  glacier  had 
retreated  half  a  mile.  At  this  time  Higgins  made  the  map  of  Barry  Glacier  reproduced 
in  Fig.  44,  also  showing  graphically  a  decade  of  this  retreat. 

In  July,  1910,  the  National  Geographic  Socie^'s  expedition  found  that  the  amount 
of  retreat  of  Bany  Glacier  during  the  previous  year  was  about  1600  feet  on  the  eastern 
side  and  500  feet  on  the  western.  There  were  disconnected  ice  masses  above  and  in 
front  of  the  glacier,  in  the  area  of  fiord  wall  exposed  by  melting  during  that  year. 

At  the  terminus  of  the  glacier  in  1910,  the  vertical  thinning  by  ablation  during  the 
S}  mile  retreat  from  1898  to  1910,  amounted  to  900  feet  on  the  western  and  1000  feet  on 
the  eastern  ride.  Between  the  Cascade  and  Barry  Glaciers,  the  ice  surface  was  lowered 
660  feet,  and  between  Coxe  and  Barry  Glaciers  700  feet.    The  curving  medial  mormnes 

■  ffivm  in  a  later  pnblicatini  ■■  I.I  mile*. 

•  About  tMO  iMt  «a  the  western  lids,  aa  m— wifeJ  on  «  photograph.  Gimnt  end  Ogguu  aUte  th»t  the 
ntfot  in  tUi  period  wu  toa-UoOia  ctf  a  mfle  along  the  ud*  at  the  ^adia. 
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that  formerly  existed  on  the  ice  between  the  1899  and  1910  terminus,  seen  in  the 
1899  photographs,  were  of  course  all  removed  by  the  shortening  of  the  glacier. 

In  1910  the  terminus  of  Barry  Glacier  was,  therefore,  over  3^  miles  farther  north  than 
in  1899  (Fig.  44).  The  stages  of  this  retreat  are  shown  in  photographs  taken  in  1899» 
1905,  1909,  and  1910  (Pis.  CXXX  and  CXXXI)  and  in  the  maps  (PI.  CXXIX). 
The  amount  of  ice  lost  during  this  retreat  amounts  to  over  a  cubic  mile. 

The  behavior  of  Barry  Glacier  throughout  the  period  of  observation  may,  accord- 
ingly, be  summarized  as  follows: 


Date  of  Observation 

Change 

Amount 

Observer 

Before  June  8,  1794 

Unknown 

Whidbey 

June  8,  1794,  to  June,  1887 

Little  known 
change 

Applegate 

June,  1887,  to  May  6,  1898 

Advance  in 
1898 

Castner 

May  6,  1898,  to  June  26,  1899 

Retreat 

i  to  i  mile 

Gannett 

June  26,  1899,  to  Aug.  20,  1905 

Retreat 

1  i^mile 

Grant  and 

continued 

Paige 

Aug.  20,  1905,  to  Aug.  11,  1908 

Retreat 
continued 

A  mile 

Grant 

Aug.  11,  1908,  to  June  29,  1909 

Retreat 

Half  a  mile 

Grant  and 

continued 

Higgins 

June  29,  1909,  to  July  25,  1910 

Retreat 

500-1600  feet 

Martin 

continued 

Detached  Ice,  A  conspicuous  feature  associated  with  the  recent  extension  of  Barry 
Glacier  is  a  detached  ice  mass  i  mile  wide  and  over  |  mile  long,  which  in  1910  was 
two  miles  from  the  ice  front.  It  had  evidently  lingered  because  of  the  protection 
of  the  broad  lateral  moraine  on  the  Barry  Glacier  shown  in  an  1899  photograph.  In 
1910  it  was  a  slumping,  irregular,  ablation  moraine  covered  ice  mass,  e]d;ending  up 
the  hillside  to  a  height  of  240  to  285  feet,  and  on  its  southern  and  northeastern  sides 
having  a  steep  margin  of  glistening  black  ice,  thickly-set  with  stones.  Besides-  this 
isolated  ice  mass,  there  was  to  the  south  and  west  an  additional  adjacent  area  where 
slumping  was  going  on,  young  shrubs  and  moss  were  being  overturned,  and  much  water 
was  emerging,  furnishing  evidence  of  the  presence  of  deeply-buried  ice. 

There  were  also  subordinate,  minute,  detached  masses  of  ice  nearer  the  front  of  Barry 
Glacier,  those  on  the  western  side  being  close  to  the  ice  front  and  covered  with  ablation 
moraine.  In  most  places  the  western  fiord  wall  is  too  steep  to  retain  ice  masses  of 
this  sort. 

Barren  Zone.  A  second  feature  proving  recent  retreat  is  an  ejctensive  barren  zone, 
the  margin  of  which  was  already  visible  in  1899  when  Gilbert  discussed  it  briefly.  Its 
increased  area  from  1899  to  1909  was  described  by  Grant  and  Higgins,  and  indicated 
on  a  map  (Fig.  44).  It  is  shown  in  still  greater  detail  in  Pis.  CXL  and  CXXXIX. 
The  upper  edge  of  this  barren  zone  reaches  a  height  of  950  to   1100   feet  above  sea 
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level.  It  includes  a  strip  of  fiord  wall  from  an  eighth  to  a  quarter  of  a  mile  wide  in 
the  area  occupied  by  the  Barry  Glacier  in  1898,  widening  at  the  southwest,  opposite 
Ft.  Doran,  in  a  morainic  flat  |  of  a  mile  wide  and  nearly  2  miles  long. 

Much  of  the  barren  zone  is  made  up  of  smooth  glaciated  rock  surfaces,  with  scattered 
erratics  and  an  absence  of  all  vegetation  except  a  very  few  shrubs,  none  of  them  more 
than  11  years  old.  At  the  upper  margin  of  the  barren  zone,  on  each  side  of  Barry  Arm, 
there  is  a  well-marked  push  moraine,  at  the  edge  of  the  dense  mature  forest  into  which 
the  glacier  advanced  during  the  last  maximum. 

Moraines.  There  are  well  developed  terminal  and  lateral  moraines  at  the  1898  ter- 
minus of  Barry  Glacier.  Part  of  the  terminal  moraine  is  below  sea  level,  but  a  larger 
proportion  than  in  most  other  tidal  glaciers  of  this  region  is  on  the  land  and  this  terminal 
moraine,  which  forms  the  large  triangular  flat  northwest  of  Point  Doran,  covers  an  area 
of  1^  miles  long  and  over  i  mile  wide,  and  projects  southward  into  the  fiord  for  3000 
feet,  narrowing  this  portion  of  Harriman  Fiord  to  less  than  half  its  normal  ^idth.  At 
low  tide  it  is  continued  southward  1800  feet  by  a  submerged  continuation,  and  southeast 
of  this  across  to  Ft.  Doran  the  fiord  is  nearly  filled.  Above  this  submerged  moraine  three 
shoals  rise  out  of  the  water  at  low  tide,  their  surfaces  made  of  till  and  glacial  bowlders 
upon  which  many  icebergs  strand  (PI.  CXL) . 

The  diy-land  portion  of  this  terminal  moraine  has  numerous  kettles  and  ridges  and 
there  are  three  lines  of  ponds.  It  constitutes  a  low  morainic  surface  with  an  area  of 
outwash  gravels  at  the  northern  edge,  near  the  moimtain  wall.  At  the  western  edge 
these  grade  into  beach  deposits  of  sand  and  mud  which  fringe  the  whole  southwestern 
margin  of  the  moraine.  An  abandoned  stream  channel,  with  coarse  waterwom  gravels, 
leads  westward  from  the  edge  of  the  isolated  glacier  remnant,  where  a  large  glacial  stream 
evidently  emerged  from  the  ice  in  1898  or  1899.  The  eastern  border  of  the  moraine 
grades  into  slumping  material,  still  bdng  added  in  1910  by  the  melting  of  the  large 
stagnant  ice  block.  East  of  the  ice  block  the  terminal  moraine  rests  upon  the  smooth 
rock  surface  of  the  barren  zone,  much  of  which  slopes  so  steeply  that  the  debris  left  by 
the  glacier  has  slid  down,  forming  an  accumulation  at  the  mountain  base.  There  are 
only  scattered  shrubs  on  this  terminal  moraine,  the  oldest  having  11  annual  rings. 

A  lateral  moraine  ridge  extends  up  the  moimtain  side  from  the  terminal  moraine  area 
rising  northward  toward  Barry  Glacier.  It  slopes  upward  at  the  rate  of  1650  feet  to  the 
mile  for  the  first  third  of  a  mile,  and  932  feet  to  the  mile  for  the  next  five  eighths  of  a 
mile.  Beyond  this  we  have  not  traced  the  lateral  moraine;  but  the  edge  of  the  barren 
zone  first  becomes  flat  for  a  mile  and  a  half,  then  descends  300  feet,  and  then  ascends  150 
feet.  This  proves  that  the  slope  of  Barry  Glacier  was  much  flatter  in  its  expanded  con- 
dition in  1898  than  in  1910  (350  to  400  feet  to  the  mile),  but  that  it  sloped  much  more 
steeply  at  the  terminus  than  now. 

This  lateral  moraine  is  generally  a  single  ridge  (PL  CXXXII,  A),  rising  in  places  12  to 
15  feet,  in  other  places  25  to  30  feet  above  the  surrounding  surface.  It  seems  to  be  a 
push  moraine  like  those  at  Columbia  Glacier,  and  is  so  narrow  for  most  of  its  length 
that  it  is  often  difficult  to  walk  upon  its  somewhat  sinuous  crest.  Rarely  it  broadens 
to  50  feet,  though  generally  retaining  a  narrow  crest  and  very  steep  lateral  slopes. 
Less  than  a  mije  from  its  beginning  it  terminates  against  a  precipitous  rock  cliff  upon 
which  no  moraine  could  stand.  This  is  just  south  of  a  prominent  waterfall  (PL  CXL). 
Much  of  the  constituent  material  is  till  and  rounded  gravel  but  there  are  also  many 
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large  striated  bowlders  and  some  buried  trunks  of  trees,  some  of  them  15  to  32  inches 
in  diameter.  Outside  this  moraine  there  are  occasional  peat  rolls  and,  rarely,  duplicate 
parallel  push  moraines. 

Upon  this  western  lateral  moraine  are  only  scattered  shrubs  including  eleven  year  old 
alders  and  younger  spruces;  but  extending  down  to  the  very  edge  of  the  moraine  is  a  thick, 
mature,  coniferous  forest  with  closely-spaced  trees  a  foot  or  two  in  diameter,  deep  moss 
and  peat,  and  a  luxuriant  growth  of  grasses,  forming  a  striking  contrast  to  the  barren 
zone  below.  Although  the  overwhelming  majority  of  trees  outside  the  barren  zone  are 
alive,  there  is  an  occasional  dead  tree  standing  erect,  and  there  are  many  which  were 
overturned,  but  not  overridden,  by  the  ice  edge  which  formed  the  lateral  moraine.  Some 
of  these  trees  have  fallen  outward  into  the  forest;  some  fell  toward  the  ice  and  rest  up<m 
the  moraine;  and  in  places  there  is  an  inextricable  tangle  of  fallen  trunks.  The  condi- 
tions in  1910  vividly  recalled  those  seen  a  few  weeks  before  along  the  margins  of  Columbia 
Glacier  which  was  then  advancing  into  the  forest,  as  Barry  Glacier  must  have  been  doing 
during  and  just  before  1898. 

Along  the  eastern  shore  of  Barry  Arm,  there  is  a  similar  lateral  moraine  at  the  edge 
of  the  barren  zone.  It  is  usually  from^6  to  10  feet  high,  but  rises  higher  where  it  crosses 
the  mouths  of  gullies.  It  extends  up  to  the  very  edge  of  thick  mature  forest,  and  contains 
till,  gravel,  bowlders  and  wood,  as  in  the  case  across  the  fiord.  In  places  this  margin  has 
windrows  of  dead  tree  trunks,  some  of  them  82  to  40  inches  in  diameter.  On  the  mo- 
raine are  yoimg  alders,  willows,  and  spruces.  We  counted  the  annual  rings  in  one 
spruce  3  inches  in  diameter,  the  largest  seen  growing  on  the  moraine,  and  found  it  to  be 
11  years  old.  Outside  the  moraine  were  some  d^ul  trees  still  standing  erect,  and  a 
number  of  spruces  and  hemlocks  whose  tops  had  been  broken  oflF  15  to  25  feet  above  the 
groimd  evidently  by  ice  splinters  projecting  b^ond  the  lateral  moraine,  as  observed  in 
progress  at  Columbia  Glacier.  The  broken  tree  tops  lay  at  the  foot  of  the  trunks,  which 
were  sometimes  inclined  and  sometimes  erect.  In  several  cases  the  broken  tree  had 
sprouted  a  new  top,  two  or  three  inches  in  diameter  and  always  growing  erect  even  on 
inclined  trees.  Outside  the  moraine  the  forest  had  thick  moss  and  gave  every  indication 
of  long,  uninterrupted  growth.  A  tree,  newly  sawed  off,  which  was  22J  inches  in 
diameter  had  225  annual  rings,  suggesting  that  the  fallen  trunks  which  measure  32  to  40 
inches  in  diameter  were  not  less  than  two  centuries  and  perhaps  three  or  four  centuries 
old.  This  furnishes  a  basis  for  computing  the  length  of  time  that  has  elapsed  since  there 
has  been  a  glacial  advance  as  extensive  as  that  ending  in  1898. 

Up  to  an  elevation  of  1000  feet  this  eastern  lateral  moraine  slopes  at  an  average  rate  of 
450  feet  to  the  mile,  then  flattens  to  horizontality ;  ascending  again  north  of  Coxe  Glacier. 
The  Harriman  Expedition  photographs  and  Gilbert's  description  prove  that  since  the 
maximum  of  this  advance  there  had  been  sufficient  melting  so  that  by  1899  the  ice  had 
shrunk  away  from  the  edge  of  the  eastern  lateral  moraine,  exposing  part  of  the  barren 
zone. 

Within  the  area  occupied  in  1899  by  the  long,  narrow,  southeastern  projection  of  the 
glacier  a  stream  from  the  mountain  side  had  built  up  an  alluvial  deposit  against  the  ice 
edge.  This  deposit  now  stands  exposed  as  a  terrace,  cut  into  by  the  stream  and  with  the 
ice  contact  slope  descending  so  steeply  that  some  of  the  gravel  has  slid  down  since  the 
supporting  ice  wall  was  removed  by  recession  of  the  glacier. 

On  the  steeper  slopes  of  both  lateral  moraines,  near  the  glacier,  stones  from  the  outar 
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Bides  were  continually  rolling  down  at  the  time  of  our  visit,  because  the  ice  contact  slopes 
of  the  lateral  moraines  were  too  steep  for  equilibrium  after  the  supporting  glacier  margin 
had  been  removed  by  melting. 

Serpentine  Glacier — The  Glacier.    The  Serpentine  Glacier  (Pig.  45),  which  descends 
from  the  snow£elds  and  cirques  (PI.  CXXXIII)  on  the  slopes  of  Mounts  Gilbert  and 
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Soundings  in  leet. 

Muir,  is  about  7}  miles  long  and  }  of  a  mile  wide  in  its  mountain  valley.  At  the 
terminus  the  width  a  nearly  a  mile;  and  the  western  half,  whidi  ends  on  the  land,  pro- 
jects a  half  mile  farther  south  than  the  eastern  half,  which  terminates  in  a  cove  of 
Harriman  Fiord.  The  tidal  portion  of  the  glacier  terminates  in  an  ice  cliff  (PL 
CSXXIII)  about  9000  feet  in  length  and  200  feet  in  height,  rising  out  of  shallow 
water  a  mile  from  Harriman  Fiord.  A  few  small  icebergs  were  discharged,  mostly  by 
cascading  down  the  terminus.    A  tock  ledge  is  exposed  beneath  the  east^n  mfti-gin. 
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In  contrast  to  this  tidal  cliff  is  the  projecting  south  half  of  the  ice  front,  a  low,  sloping 
surface,  with  crevasses  nearly  healed,  easy  to  traverse  and  thinly  veneered  with  ablation 
moraine.  In  front  of  it  is  a  small  area  of  slumping  d6bris  from  which  much  water  emerges, 
proving  that  part  of  the  flat  is  imderlain  by  buried  ice  blocks.  Indeed  black  ice  is  revealed 
in  places.  This  projection  of  the  glacier  on  the  western  side  is  due  partly  to  the  pro- 
tection furnished  by  the  morainic  cover  and  partly  to  the  fact  that  the  salt  water  has  un- 
dercut the  eastern  cliff  and  caused  it  to  retreat  faster. 

Serpentine  Glacier  is  fed  by  four  or  five  moderate-sized  tributaries  from  high  cirques 
on  Mt.  Gilbert,  by  one  from  the  6683  foot  peak  west  of  Cascade  Glacier,  and  by  a  large 
tributary  which  descends  steeply  from  the  slopes  of  Mt.  Muir  and  enters  on  the  western 
side  about  half  a  mile  from  the  terminus.  Farther  south  on  the  slopes  of  Mt.  Muir  there 
are  also  twin  cascading  glaciers,  formerly  tributaries  of  the  Serpentine,  which  now 
terminate  about  3000  feet  above  sea  level. 

The  white  surface  of  Serpentine  Glacier  is  diversified  by  a  number  of  medial  moraine 
stripes;  and  there  is  a  pronounced  lateral  moraine  ridge  (PI.  CXXXIII)  on  the  eastern 
side,  left  standing  by  recent  retreat.  The  glacier  slopes  moderately  and  is  not  as 
severely  crevassed  as  Barry  Glacier,  although  in  the  last  few  hundred  feet  of  descent 
to  the  water's  edge  the  slope  is  so  steep  that  travel  upon  this  part  of  the  ice  surface  was 
impossible. 

Besides  the  rock  ledges  beneath  the  eastern  edge  of  the  tidal  ice  cliff,  and  the  bare  rock 
slopes  along  the  eastern  margin  of  the  glacier,  there  are  strong  rock  ledges  near  the  west- 
em  margin,  one  of  them  cut  through  by  a  shallow,  smoothly-scoured  gorge  with  vertical 
walls  but  with  no  stream  at  present.  Its  upper  end  hangs  in  the  air,  and  below  its  ter- 
minus are  stony  stream  deposits. 

Slight  Change.  Between  the  time  of  its  discovery  by  the  Harriman  Expedition  in 
1899  and  our  own  studies  in  1910,  the  terminus  of  the  Serpentine  Glacier  has  not  changed 
appreciably  except  in  thinning  and  slight  shortening  described  by  Grant  and  Higgins, 
on  the  basis  of  observations  and  photographs  in  1905  and  1909.  Gannett  mapped  the 
glacier  in  a  general  way  in  1899  (PI.  CXXIX,  A)  and  Higgins  in  more  detail  ten  years 
later.     It  is  shown  upon  our  1910  map  (Fig.  45). 

Moraines.  There  is  clear  evidence  that  not  many  years  ago  Serpentine  Glacier  ex- 
tended at  least  a  mile  farther  than  now,  and  that  it  ended  in  Harriman  Fiord  with  a  tidal 
ice  front  1^  miles  or  more  in  length.  This  is  proved  by  terminal  and  lateral  moraine 
deposits  and  by  a  barren  zone  near  the  terminus  of  the  glacier,  containing  only  scattered 
small  shrubs  and  mosses. 

The  terminal  moraine  varies  considerably  in  character,  and  most  of  it  is  free  from 
slumping.  The  western  part  is  a  broad,  gently-undulating  surface  rising  perhaps  50 
feet  above  sea  level,  but  being  higher  and  more  hummocky  on  the  southeastern  border. 
There  is  much  bare  rock,  mostly  angular  and  without  striae.  The  eastern  portion  is  a 
submerged  bar  extending  completely  across  the  mouth  of  the  cove,  except  for  two  narrow 
gaps.  At  high  tide  this  moraine  bar  is  completely  covered;  but  at  low  tide  nearly  the 
whole  of  it  is  exposed.  Inside  the  bar  is  the  cove  in  which  Serpentine  Glacier  terminates, 
and  in  this  cove  the  water  is  from  30  to  51  feet  deep,  while  at  the  entrance  the  greatest 
depth  is  only  12  feet.  Since  the  formerly  expanded  glacier  spread  out  into  the  bulb 
shape,  it  will  be  seen  that  the  site  of  this  cove  inside  the  crescentic  terminal  moraine, 
where  there  was  melting  of  clean  ice  without  enough  d6bris  to  fill  the  shallow  inden- 
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tation  may  correspond  to  the  interior  flats  described  in  several  of  the  Yakutat  Bay 
glaciers. 

The  lateral  moraine  on  the  eastern  side  of  the  glacier,  mentioned  by  Gilbert,  is  one  of 
the  best  developed  deposits  of  this  sort  which  we  have  seen  in  Alaska  (PL  CXXXIII). 
It  is  a  narrow-crested  ridge  30  to  50  feet  high  and  with  so  sharp  a  crest  that  it  is  diffi- 
cult to  walk  upon  it.  On  the  western  side  of  this  ridge  is  a  bare  slope  of  ground 
moraine  and  bed  rock  extending  to  the  shores  of  the  cove,  and  to  the  present  border  of 
the  glacier;  on  the  eastern  side  it  is  bordered  by  dense  mature  forest.  This  lateral 
moraine  is  a  conspicuous  object  in  the  region,  curving  northward  along  the  margin 
of  Serpentine  Glacier  for  a  distance  of  over  a  mile,  beyond  which  it  could  not  be  seen 
from  sea  level.  There  is  a  less  conspicuous  lateral  moraine  above  the  western  border 
of  the  glacier  near  the  terminus,  and  extending  a  short  distance  up  the  valley.  There  is 
also  a  well  developed  moraine  between  the  main  glacier  and  the  large  tributary  on  the 
west. 

The  barren  zone,  previously  noted  by  Grant  and  Higgins,  comprises  all  of  the  area  be- 
tween these  lateral  moraines,  the  terminal  moraine,  and  the  glacier.  It  has  been  covered 
so  recently  by  the  ice  that  there  are  only  scattered  shrubs  on  the  surface,  most  of  the 
alders  being  23  to  27  years  old,  while  the  oldest  spruce  seen  had  26  annual  rings. 

There  b  an  older  terminal  moraine  outside  the  one  described  above,  the  only  remnant 
of  it  being  preserved  southwest  of  the  glacier  where  it  is  veiy  hunmiocky,  and  includes 
many  large  bowlders.  This  moraine  rises  to  a  height  of  approximately  50  or  75  feet  and 
has  a  wedge-shape  (Fig.  45)  with  the  point  of  the  wedge  on  the  shore  of  Harriman  Fiord, 
whence  it  broadens  westward,  in  a  half  mile  attaining  a  width  of  2000  feet.  Probably 
this  wedge-shape  is  due  to  the  fact  that  the  eastern  portion  of  the  older  moraine  was 
destroyed  by  the  recent  advance  already  described.  That  this  outer  moraine  was  made 
long  before  the  inner  moraine  is  proved  by  the  presence  of  older  trees  upon  it,  there  being 
a  thick  growth  of  willow  and  alder  and  many  spruces  and  hemlocks  nearly  a  century  old. 
The  oldest  tree  examined  was  a  foot  in  diameter  and  had  93  annual  rings.  The  forest 
on  this  older  moraine  is»  however,  younger  and  less  open  than  the  normal  mature  forest, 
such  as  that  outside  the  lateral  moraine  to  the  east  of  the  glacier. 

Outwash.  The  southern  side  of  the  older  terminal  moraine  is  flanked  by  a  narrow 
strip,  or  apron,  of  outwash  gravel  and  beach  deposits,  less  than  one-eighth  of  a  mile 
wide  at  low  tide,  and  only  200  to  350  feet  wide  at  high  tide.  The  vegetation  proves  that 
most  of  this  outwash  gravel  flat  is  associated  in  origin  with  the  older  advance.  Most 
of  it  is  covered  with  grass,  but  there  are  scattered  groups  of  mature  trees  upon  its  surface. 

Crossing  this  older  terminal  moraine,  and  covering  parts  of  the  low,  undulating  sur- 
face of  the  inner  moraine,  is  a  small  area  of  outwash  gravel,  built  from  the  present  ice 
front.  Since  until  recently  streams  have  flowed  over  it  and  it  has  been  undetermined 
by  slumping,  there  is  little  vegetation  on  its  surface,  the  oldest  shrubs  observed  being 
but  8  years  old.  Two  conspicuous  stream-cut  channels  extend  from  this  inner  area  of 
outwash  gravels  across  the  older  terminal  moraine  and  outwash  apron  to  the  sea.  They 
are  1300  and  2000  feet  in  length,  respectively,  and  where  they  cross  the  outer  moraine 
are  from  50  to  300  feet  in  width.  Each  of  them  is  now  abandoned  and  th^  were  evi- 
dently formed  at  the  time  of  the  last  advance,  when  the  ice  partly  destroyed  the  older 
terminal  moraine  and  when  the  glacial  streams  flowed  across  the  older  moraine.  In  the 
bottoms  of  these  channds  are  stieam-bome  gravels,  and  abandoned  terraces.    The  scat- 
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tercd  young  shrubs  that  grow  there  cootraat  with  the  older  trees  of  the  moraine  on  either 
siilc  anil  with  the  thick  grass  of  the  older,  outer,  outwash  apron. 

Bdcer  Glacier — General  Detcripliun.  Baker  Glacier  is  a  small,  steeply-cascading  ice 
tongue,  descending  from  a  level  of  5000  to  6000  feet  in  a  series  of  cirques  on  the  soutlivest- 
em  side  of  Mt.  Muir.  It  has  a  totJil  length  of  less  than  2  nules  (Fig.  48)  and  terminates 
about  ISOO  to  1500  feet  above  the  level  of  the  fiord.  At  the  terminus  the  width  is  9000 
feet.  The  glacier  ends  on  a  very  steep  slope  and  a  narrow  pendant  ice  tongue  with  a 
length  of  800  feet  and  a  width  of  SOO  feet  extends  fonrard  from  the  terminus,  its  lower 

end  being  about  TOOfeet 
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above  the  fiord.  All  of 
the  glacier  u  white, 
considerably  cievaawd, 
and  without  motaines. 
Adtanct.  Photo- 
graphs by  the  Hani- 
man  Expedition  in  1899 
and  by  Grant,  Paige, 
and  Hi^ns  in  1905 
and  1909  show  that, 
exc^t  in  one  respect, 
the  main  features  of 
this  glacier  have  re- 
mained unchanged. 
There  was  no  appreci- 
able change  from  1899 
to  1905,  but  a  slight 
advance  began  between 
1905  and  1909,  as  noted 
by  Grant  and  Higgins. 
This  advance  continued 
up  to  1910,  particularly 
on  the  north  ude.  Al- 
though the  form  of  the  glacier  front  changed  very  little,  the  advance  was  appreciable 
in  photographs. 

7'A«  iSnoto  Van.  The  most  conspicuous  result  of  this  advance  was  the  increase  in  dia- 
^jgiM  of  ice  from  the  front  of  the  glacier,  which  ended  on  such  a  steep  slope  that  at  the 
time  of  our  visit  blocks  of  ice  were  constantly  roUing  down.  In  1905  there  was  so  small 
n  disdiai^  of  ice  blocks  that  no  accumulation  at  the  cliff  base  is  visible  in  the  1905  photo- 
-M)h;  in  1909  a  great  snow  fan  or  talus  remained  until  the  last  of  June;  in  1910  this 
,fU  even  larger  and  formed  a  conspicuous  deposit  made  up  of  snow  and  great  blocks  of 
ice,  some  10  to  15  feet  in  diameter.  When  we  saw  it  in  July  and  August,  1910,  the  accu- 
mnlstion  was  evidently  made  up  mainly  of  material  that  had  gathered  and  remained 
nnmdted  during  the  previous  summers,  for  a  large  amount  of  the  material  between  the 
iceblodu  was  old  snow;  but  ice  blocks  were  still  rolling  down  and  adding  to  the  deposit. 
iriyi  increase  in  ice  block  avalanches  b  clear  evidence  of  an  advance,  and  iqiparently 
■guiscii^  "*  ®^'^  ^^"S^  '°  ^*  development  (A  a  reconstructed  glacier;  but  the  d^KMtt 
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was  distinctly  not  of  glacial  character  when  we  saw  it;  it  had  no  motion  and  was  more 
like  a  talus  deposit  than  anything  else. 

Moraine  and  Oviwash.  A  noteworthy  feature,  giving  to  Baker  Glacier  an  interest 
out  of  proportion  to  its  present  size  and  activity,  is  the  fact  that  in  former  times  it  has 
been  of  greater  size,  descending  the  mountain  slope  and  spreading  out  at  its  base  in  a  bulb, 
almost  exactly  as  the  Vassar  Glacier  in  College  Fiord  does  at  present.  Evidence  of  this 
expansion  is  found  in  the  narrow,  piedmont  coastal  plain  in  front  (Fig.  46).  This  has  a 
total  width  of  2000  or  8000  feet  and  is  made  up  of  a  compound,  crescentic  moraine,  out- 
fdde  which  are  isolated  strips  of  outwash  gravels,  while  on  the  inner  side  is  a  smaller 
area  of  outwash  between  the  terminal  moraine  and  the  foot  of  the  snow  fan.  The  two 
outer  areas  of  outwash  are  alluvial  fans  1000  and  1400  feet  wide  lying  to  the  right  and 
left  of  the  terminal  moraine,  which  extends  to  the  fiord  between  them. 

The  terminal  moraine  is  spoken  of  as  compoimd  because  of  the  evidence  of  two  stages 
in  its  building;  but  the  deposit  is  essentially  one  continuous  crescentic  mass  of  knobs  and 
ridges,  hollows  with  lakes,  and  imdrained  areas.  The  largest  of  the  lakes  is  over  1500 
feet  long,  but  all  of  the  others  are  very  small.  The  local  relief  is  20  or  25  feet.  This  mo- 
raine is  very  stony  and  in  places  has  no  trees,  but  there  are  many  lichens.  The  larger 
part  of  the  outer  morainic  accumulation  is  densely  covered  with  forest.  Near  the  inner 
moraine  are  willows  up  to  29  years  of  age  and  alders  as  much  as  80  years  old.  Farther 
out  are  mature  thickly-set  spruces  and  hemlocks,  including  trees  with  98  to  110  annual 
rings.  The  eastern  side  of  this  outer  moraine  extends  down  to  Harriman  Fiord,  but  the 
western  side  is  separated  from  the  fiord  by  an  alluvial  fan  of  older  outwash  which  we 
associate  with  the  older  moraine  because  of  the  age  of  the  trees  and  shrubs  upon  it. 
The  older  outwash  fan  on  the  eastern  side  supports  a  dense  growth  of  grass,  proving  that 
no  glacial  streams  now  flow  across  it;  but  there  is  little  other  vegetation. 

The  inner  part  of  the  terminal  moraine  extends  in  a  much  narrower  crescent  than  the 
outer.  That  it  was  formed  in  a  relatively  recent  stage  of  activity  of  Baker  Glacier  is 
proved  by  the  fact  that  its  irregular  surface  is  not  thickly  moss  covered,  as  the  outer 
moraine  is,  and  none  of  the  scattered  willows  and  alders  are  more  than  17  or  18  years 
old. 

Outwash  deposits  are  still  bdng  made,  on  the  lower  slopes  of  the  inner  moraine,  being 
supplied  with  water  from  the  glacier  and  the  snow  fan.  Some  of  the  streams  flow  directly 
down  the  mountains  from  the  eastern  edge  of  the  glacier;  but  several,  after  emerging 
from  the  glacier,  flow  down  over  the  rock  wall  for  about  200  feet,  then  disappear  beneath 
the  upper  edge  of  the  snow  fan,  emerging  at  its  lower  edge.  Two  large  streams  flow  over 
the  inner  area  of  outwash  gravels  and  across  the  terminal  moraine  hillocks  in  deeply 
cut  gulleys.  Each  of  these  streams  is  also  continuing  the  building  of  the  outer  alluvial 
fans;  but  in  contrast  to  the  older  outwash  described  above,  the  gravels  now  being  de- 
posited have  no  vegetation  upon  their  surface. 

SurprUe  Glacier — Deecripiion.  The  Surprise  Glacier  (PI.  CXXXIV)  has  a  known 
length  of  over  4  miles,  and  a  width  at  the  terminus  of  8850  feet.  Six  tributaries  are 
known  (PI.  CXXXV),  but  since  the  grade  is  still  low  at  the  most  westerly  point  visible 
irom  the  fiord,  it  seems  probable  that  the  glacier  is  even  longer  and  fed  by  a  still  larger 
number  of  tributaries.  The  terminal  ice  diff  is  272  feet  high  in  the  middle,  and  214 
ieet  high  on  the  northern  margin,  while  back  of  it  is  a  terminal  cascade  with  a  slope 
of  1900  to  2800  feet  to  the  mile,  above  which  the  grade  flattens.    The  glacier  surface. 
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wliidi  is  severely  crevassed  from  side  to  side,  is  stained  by  one  rather  strong  medial 
moraine,  while  a  narrow  lateral  moraine  extends  along  the  northern  side,  and  a  broad 
lateral  moraine  along  the  southern  side. 

Retreat.    Between  1899,  when  Gannett  mapped  Surprise  Glacier,  and  our  visit  in  1910, 
the  ice  front  retreated  about  6500  feet  (Fig.  47) .    In  1899  the  dark-colored  southern  edge 


Flo.  47.    Lower  Ends  or  Subpbibk,  Catabact,  DnACHaD  and  Bakkb  Gucieh  ih  1910. 


of  the  terminus  just  coalesced  with  the  western  edge  of  Cataract  Glacier '  (PI  CXXIX. 
A).  In  1910  a  pronounced  cape  projected  forward  a  thousand  feet,  just  north  of  the 
middle  of  the  glacier  front,  and  on  its  southern  side  two  rock  ledges  were  visible 

1  This  f&ct,  ihown  both  on  Gannett's  nup  and  the  HArriman  Expedition  photograph,  must  hav«  been  orei- 
looked  by  Gnnt  and  Higgiiu  in  their  stAletnenl  IhAt  in  1S09  the  two  gladen  were  Bepuated  a  qnarta'  cf 
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beneath  the  glacier,  the  larger  one  being  about  600  feet  long.  These  ledges,  seen  by 
Grant  and  Higgins  in  1909  but  not  in  1905,  increased  in  area  from  1909  to  1910,  when  the 
glacier  seemed  to  be  descending  steeply  over  them.    They  may  mark  the  head  of  the 

fiord. 

From  this  point  eastward  to  Cataract  Glacier  in  1899  the  ice  surface  was  rather  flat, 
and  Gilbert  noted  that  it  terminated  in  a  lofty  cliff. 

Barren  Zone.  A  bare  zone,  whose  area  increased  from  1899  to  1909,  as  noted  by  Grant 
and  Higgins,  extends  eastward  on  each  fiord  wall  as  far  as  Cataract  Glacier  and  marks 
the  1899  position  of  Surprise  Glacier.  Its  upper  boundary  ascends  rapidly  westward 
and  in  1910  attained  a  width  of  from  300  to  500  feet.  Within  this  barren  zone  there  was 
almost  no  vegetation;  but  there  are  eactensive  bare  rock  slopes  on  which  vegetation  will 
start  slowly.  The  presence  of  a  barren  area  150  to  300  feet  wide  above  the  present  sur- 
face of  the  Surprise  Glacier  on  both  sides  shows  that  during  the  retreat  of  about  1^ 
miles  the  glacier  has  also  diminished  notably  in  width  and  thickness. 

Detached  Glacier.  Detached  and  Cataract  Glaciers  are  cascading  tongues  formerly 
tributaries  of  Surprise  Glacier  from  the  north  and  south  respectively.  Detached  Glacier 
descends  from  a  cirque  on  Mt.  Muir.  It  is  about  1}  miles  long,  3500  feet  wide,  and  has 
a  projecting  terminus  about  1200  feet  wide,  which  descends  on  the  fiord  wall  to  within 
a  quarter  of  a  mile  of  the  sea,  terminating  1338  feet  above  sea  level  (Fig.  47). 
Several  streams  from  various  points  along  the  terminus  of  Detached  Glacier, 
(PL  CXXXIV)  descend  the  fiord  wall  in  deep-cut  gorges.  In  1910  there  was  a  moderate 
sized  barren  zone  around  the  terminus,  across  which  ice  fragments  from  the  glacier 
occasionally  rolled,  falling  into  the  alder  thickets  and  into  one  of  the  deep  gullies  below. 

The  glacier  changed  very  little,  if  any,  between  1899  and  1910,  and  Gannett's  map  and 
several  1899  photographs  show  that  it  was  already  detached  from  the  Surprise  Glacier, 
which  at  that  time  extended  down  the  fiord  beyond  the  terminus  of  Detached  Glacier. 

Cataract  Glacier — Cascading  Terminua.  Cataract  Glacier,  which  is  a  mile  and  a  half 
long  and  1100  to  1600  feet  wide  (Fig.  47),  differs  from  Detached  Glacier  in  still 
descending  the  fiord  wall  to  sea  level.  This  is  because  it  occupies  a  northern  slope 
where  melting  is  minimized  and  because  it  has  considerably  larger  snowfields  than 
Detached  Glacier.  Only  its  cascading  terminus  is  plainly  visible  from  the  fiord  and 
above  its  hanging  valley  lip  we  have  not  studied  it.  At  the  1860  foot  level  a  northern 
lobe  about  1200  feet  in  length  and  200  to  300  feet  in  width  projects  from  Cataract 
Glacier,  terminating  1254  feet  above  the  fiord.  Several  slender  streams,  with  foaming 
cascades,  descend  the  fiord  wall  from  this  terminus. 

Cataract  Glacier  is  the  only  cascading  glacier  in  Harriman  Fiord  which  is  now  active 
enough  to  descend  the  fiord  wall  to  the  sea,  as  so  many  slightly-larger  cascading  glaciers 
do  in  College  Fiord.  The  glacier  emerges  from  its  hanging  valley  at  about  the  2000 
foot  level,  descends  the  fiord  wall  (PI.  CXXXV)  at  the  rate  of  2850  feet  per  mile  and 
terminates  in  a  vertical  cliff  50  feet  or  more  in  height,  which  rises  out  of  such  shallow 
water  that  there  is  practically  no  undercutting  by  the  sea.  Therefore  the  icebergs  from 
Cataract  Glacier  are  both  small  and  few  in  number.  Most  of  the  glacier  surface  is 
severely  crevassed,  but  the  eastern  edge  has  a  low,  sloping  terminus,  more  or  less  mantled 
with  ablation  moraine,  over  ndiich  it  is  easy  to  walk.  The  end  of  the  glacier  divides 
over  a  low,  striated,  rock  spur. 

Advance.    Cataract  Glacier  was  beginning  to  advance  in  1910,  after  having  remained 
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in  about  the  same  position  from  1899  to  1909,  as  indicated  by  comparison  of  the  photo- 
graphs by  the  Harriman  Expedition  and  by  Grant  and  Iliggins.  At  the  western  margin 
the  advancing  ice  was  overriding  shrubs  of  billow  and  alder,  and  there  were  ice  blocks 
sliding  from  tlie  lateral  cliffs  into  tlie  alders;  but  higher  up  on  the  mountain  slope  the 
western  margin  of  the  glacier  had  not  yet  overridden  the  whole  of  its  narrow  barren  zone; 
and  there  was  still  a  barren  zone  on  the  eastern  side  extending  from  100  to  700  feet  beyond 
the  glacier.    At  the  outer  edge  of  this  barren  zone  is  a  small  lateral  moraine. 

Harriman  Glacier — General  Description.  Harriman  Glacier,  which  is  at  least  9  miles 
long  and  about  a  mile  wide  at  the  terminus,  flows  northeastward  into  the  extreme  south- 
em  end  of  Harriman  Fiord.  Its  whole  surface  is  moderately  crevassed,  and  it  b  quite 
free  from  moraines,  there  being  two  medial  moraines  near  the  southern  side  but  no 
lateral  moraines.  The  terminus  is  a  vertical  cliff  200  to  300  feet  high,  from  which  many 
icebergs  are  discharged.  Six  or  seven  hundred  feet  from  the  middle  of  the  ice  front 
the  water  is  only  90  feet  deep. 

N6f4-Sheaihed  Slopes.  Harriman  Glacier  diflPers  from  most  of  the  others  in  the  Port 
Wells  region  in  the  nature  of  its  tributaries.  Instead  of  being  fed  by  a  number  of  well* 
defined  tributaries,  occupying  subordinate  valleys  and  each  with  a  length  of  several 
miles,  it  is  fed  by  a  considerable  number  of  rather  short  cascading  tributaries,  from  cirques 
in  peaks  5815  to  8206  feet  high.  The  longest  tributaiy  seen  from  Harriman  Fiord  is 
not  over  a  mile  or  two  in  length.  A  great  deal  of  the  ice  is  supplied  from  nivt  fidds  be- 
tween these  short  tributaries.  These  ni\i  fields  (PI.  CXXXVI)  are  intermediate  be- 
tween the  snowfields  and  the  ice  tongue,  and  around  the  borders  of  Harriman  Ghieier» 
large  areas  of  mountain  slope  are  completely  sheathed  with  such  nivi  ice.  On  the 
sketch  maps  by  Gannett  and  by  Grant  and  Higgins  these  areas  of  n£v£  are  not  spe- 
cifically distinguished  from  true  ice  tongues;  and  it  would  indeed  be  impossible  to  map 
them  accurately  without  the  most  detailed  work  in  the  n6\*£  area. 

The  phenomenon  of  ice-sheathed  or  n6v6-sheathed  mountain  slopes,  developed  on  a 
large  scale  in  Harriman  Fiord,  is  a  common  feature  of  Alaskan  glaciation  of  the  present 
time  found  in  other  areas,  as  in  Passage  Canal,  along  the  eastern  side  of  Lynn  Canal  in 
southeastern  Alaska,  and  doubtless  in  many  other  localities  where  the  snowfall  is  great 
and  the  snow  line  is  rather  low.  If  the  snowfall  should  decrease  slightly  it  seems 
likely  that  these  n6v£-sheathed  slopes  would  become  bare  and  that  the  short  tributaries 
would  shrink  and  become  better-defined,  though  smaller,  ice  tongues  than  at  present. 

Retreat.  The  front  of  Harriman  Glacier  has  oscillated  considerably  since  1899  when 
it  was  described  by  Gilbert  and  mapped  by  Gannett.  Previous  to  that  year  there 
seems  to  have  been  some  retreat,  for  Gilbert  observed  that  the  glacier  was  not  *' closely 
approached  by  forest  growth,  but  shrubs  were  seen  on  the  shore  of  the  fiord  within  a 
few  hundred  yards  of  the  ice."    This  suggests  a  narrow  barren  zone. 

Grant  and  Higgins  state  that  "photographs  of  the  eastern  side  of  the  front  of  Harri- 
man Glacier  taken  from  Point  H  (Fig.  50)  in  1905  and  1909  show  that  this  side  of  the 
glacier  (eastern)  retreated  approximately  700  feet  between  these  dates.  A  comparison 
of  an  1899  photograph  with  the  above  indicates  that  between  1899  and  1905  the  east  side 
of  the  glacier  retreated  about  half  the  above  distance.  As  the  two  photographs  were 
not  taken  from  the  same  point  this  estimate  of  the  retreat  between  1899  and  1905  is 
only  approximate.  On  the  west  side  of  the  ice  front  a  careful  examination  in  1909  of  the 
glacier  from  the  position  of  a  photograph  taken  in  1899  showed  no  noticeable  difference 


GLACIERS  OF  HARRIMAN  FIORD  AND  PORT  WELLS 


9S5 


in  the  position  of  the  glacial  front.  In  1899  a  considerable  embayment  existed  in  the 
eastern  third  of  this  glacier,  but  was  not  present  in  1905  and  1909." 

Advance.  It  is  clear  that  there  was  more  or  less  continuous  retreat  of  Harriman  Glacier 
during  the  decade  following  its  discovery;  but  between  1909  and  1910,  an  advance  was 
instituted.  This  was  clearly  shown  on  August  1,  1910,  when  a  comparison  with  the 
glacier  front  of  the  Harriman  Expedition  photograph,  alluded  to  by  Grant,  showed  an 
advance  of  the  western  margin  of  700  feet  (PI.  CXXXVII),  accompanied  by  great 
thickening  at  the  terminus.  The  western  gravel  bar,  shown  in  another  Harriman 
Expedition  photograph,  upon  which  the  margin  of  the  glacier  terminated  in  1899, 
was  not  visible  at  the  time  of  our  only  visit,  which  was  near  high  tide  while  the  1899 
picture  was  taken  when  the  tide  was  part  way  out.  On  the  land  near  by,  however, 
we  saw  the  glacier  advancing  and  destroying  alder  by  overriding  and  by  sliding  down 
of  ice  blocks. 

The  1909  observations  of  Grant  and  Higgins  make  it  certain  that  the  change  from  re- 
treat to  advance  came  between  1909  and  1910  and  that  the  whole  of  the  700  feet  advance 
was  during  the  last  year.  The  eastern  margin  also  advanced,  coming  forward  the  whole 
distance  that  it  had  retreated  from  1899  to  1909.  In  1910  it  seemed  to  be  slightly  be- 
yond the  1899  position  and  there  was  much  thickening  of  the  eastern  terminus,  which 
Gilbert  says  was  'Mow  and  irregular"  and  rested  on  a  ''detrital  bank"  in  1899,  which  was 
not  visible  in  1910.  There  seems  to  have  been  far  more  iceberg  discharge  in  1910  than 
in  1899. 

In  addition  to  the  advance  and  thickening  of  the  part  of  the  eastern  margin  on  the 
shores  of  the  bay,  the  glacier  was  advancing  on  the  land.  Annual  plants  in  the  barren 
zone  were  being  buried  and  a  ridge  of  push  moraine  a  foot  or  two  high  lay  at  the  base 
of  a  lofty,  uncrevassed  ice  diff.  On  August  1,  this  ice  diff  was  158  feet  from  an  older 
terminal  moraine  which  marked  the  maximum  of  a  former  advance,  doubtless  before 
1899. 

The  oscillations  of  Harriman  Glacier  during  the  period  of  observation  may  be  summa- 
rised as  follows. 


Date 

OscUlatUm 

Amouni 

Observer 

Before  June  27,  1899 
June  «7,  1899,  to  Aug.  20,  1905 
Aug.  20,  1905,  to  June  29,  1909 
June  29, 1909,  to  Aug.  1, 1910 

Probably  retreat 

Retreat 

Retreat  continued 

Advance 

Gilbert 

Grant  and  Paige 

Grant  and  Higgins 

Martin 

About  S50  feet 
700  feet 
700-1050  feet 

Dirty  Glacier.  There  are  a  number  of  smaller  ice  tongues  in  southern  Harriman  Fiord, 
including  one  or  two  in  hanging  valleys  above  Harriman  Glacier  (PI.  CXXXYH),  of 
which  they  are  disconnected  tributaries,  and  eight  or  more  farther  north  in  the  fiord 
which  were  formerly  tributaries  of  the  extended  Harriman  Glacier. 

Of  these  ice  tongues  the  Dirty  Glacier,  on  the  eastern  side  of  the  fiord,  just  north  of 
Harriman  Glacier  terminus,  is  exceptional  in  having  ablation  moraine  cover  over  a  large 
proportion  of  the  terminus.  Its  n6v€  fields  coalesce  with  those  of  Harriman  Glacier,  and 
although  it  has  a  steeper  grade  than  the  Harriman  it  contrasts  strongly  with  neighboring 
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cascading  ice  tongues,  like  Roaring  Glacier,  for  it  slopes  at  an  angle  of  only  about  12^. 
It  ends  100  feet  or  less  above  the  level  of  the  fiord,  from  which  it  is  separated  by  an  out- 
wash  gravel  fan,  and  by  a  morainic  area  with  many  small  ponds.  There  was  practically 
no  change  in  this  glacier  from  1899  to  1910,  but  in  former  times  it  evidently  expanded 
and  formed  a  bulb  glacier,  and  still  earlier  was  tributary  to  Harriman  Glacier. 

Roaring  Glacier.  Roaring  Glacier,  three-fourths  of  a  mile  north  of  Harriman  Glacier, 
on  the  northwestern  side  of  the  fiord,  is  spoken  of  by  Gilbert  as  an  ice  tongue  which 
''owes  the  peculiarity  suggesting  its  name  to  an  abrupt  change  of  grade.  From  a  com- 
paratively gentle  slope  it  passes  to  one  so  steep  that  loose  masses  find  no  lodgment,  and 
as  its  movement  steadily  projects  its  end  beyond  the  point  of  inflection,  fragments  of 
ice  break  away  and  tumble  down  the  steep  incline,  to  gather  in  a  heap  far  below,  where 
they  lie  until  melted." 

It  seems  to  have  been  less  active  in  1905  than  in  1899,  for  a  photograph  by  Grant  and 
Paige  shows  that  in  1905  there  was  no  heap  of  ice  fragments  below  the  glacier,  but  that, 
as  in  the  case  of  Baker  Glacier  in  the  same  year,  there  was  an  extensive  area  of  bare  rock 
below  the  terminus. 

Roaring  Glacier  became  more  active  between  1905  and  1910  for  the  barren  zone,  which 
was  free  from  snow  in  August,  1905,  was  partly  covered  in  August,  1910,  by  an  extensive 
snow  and  ice  block  fan,  similar  to  that  of  Baker  Glacier.  This  fan  could  only  have  been 
formed  by  an  increase  in  activity  of  the  glacier  with  accompanying  sliding  down  of  many 
ice  blocks  from  the  terminus,  which  is  700  to  1000  feet  above  the  fiord.  Advance  seemed 
to  be  still  going  on  in  August,  1910. 

Roaring  Glacier  has  evidently  descended  to  fiord  level  since  it  became  independent  of 
Harriman  Glacier,  for  around  the  borders  of  the  snow  fan  there  is  a  crescentic  terminal 
moraine,  the  outer  part  of  which  is  covered  with  shrubs.  It  extends  down  to  the  fiord, 
where  it  makes  a  small  cape;  and  since  it  rises  steeply  from  the  water's  edge,  it  is  evident 
that  the  glacier  reached  tidewater  when  last  expanded.  The  crescentic  character  of  this 
deposit  shows  that  it  was  not  built  by  Harriman  Glacier,  but  the  knobby  morainic 
topography  does  not  absolutely  preclude  the  possibility  of  its  having  been  built  by  an 
avalanche  rather  than  by  a  bulb-shaped  extension  of  Roaring  Glacier,  though  we  do  not 
think  this  avalanche  origin  likely. 

Wedge  Glacier.  Wedge  Glacier  lies  on  the  eastern  side  of  the  fiord,  opposite  Roaring 
Glacier  (Fig.  50).  Its  general  shape  is  indicated  by  its  name,  forming  a  striking  contrast 
with  ice  tongues,  like  Dirty  Glacier,  that  have  bulb  or  fan-like  termini.  Wedge  Glacier 
ends  in  a  narrow  valley  a  few  hundred  feet  above  the  fiord,  and  except  in  detached  spots 
was  covered  with  snow  clear  to  the  end  in  August,  1910. 

Smaller  Glaciers.  Two  unnamed  ice  tongues  north  of  Wedge  Glacier  have  snowfields 
which  coalesce  with  that  of  Toboggan  Glacier  and  terminate  i  and  f  of  a  mile  re- 
spectively from  the  fiord.  Three  small  ice  tongues  on  the  western  side  of  the  fiord  between 
Roaring  and  Cataract  Glaciers,  together  with  Roaring  Glacier,  two  glaciers  in  hanging 
valleys  above  the  northwestern  end  of  Harriman  Glacier,  and  several  others,  fall  in  a 
class  described  by  Gilbert.  He  says,  they  "occupy  elevated  valleys  far  above  the  main 
trough,  and  these  upland  valleys  probably  constitute  a  system  initiated  at  an  earlier 
epoch,  when  the  fiord  was  flooded  with  ice  to  a  greater  depth.     .  No  measure- 

ments were  made,  but  it  is  evident  from  an  inspection  of  photographs  that  the  heights 
of  such  features  in  this  neighborhood  are  approximately  the  same  as  in  the  vicinity  of 
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Seipentine  and  Surprise  Glaciers,  and  it  is  possible  that  a  nun^ber  of  minor  glaciers  ob- 
served on  both  sides  of  the  fiord  constitute  with  these  a  general  system." 

Toboggan  Glacier — The  Ice  Tongue.  Toboggan  Glacier,  on  the  eastern  side  of  Harri- 
man  Fiord,  nearly  opposite  Serpentine  Glacier,  descends  the  fiord  wall  from  a  snowfield 
of  imknown  extent,  from  which,  three  miles  to  the  south,  two  smaller  ice  tongues  abo 
project.  The  valley  portion  of  this  cascading  glacier  is  about  a  mile  long  and  from  an 
eighth  to  a  quarter  of  a  mile  wide.  Below  the  lip  of  its  hanging  valley  it  has  not  as  steep 
an  ice  cascade  as  the  Cataract  Glacier  and  the  cascading  glaciers  of  College  Fiord  have, 
although  it  has  a  slope  averaging  12^  to  14^,  steepening  to  29^  to  SV  at  the  end.  The 
glacier  is  clean,  except  for  a  medial  moraine  of  black  slate,  near  the  northern  border, 
and  two  small  V-shaped  areas  of  ablation  moraine  at  the  terminus. 

At  the  terminus  (Fig.  48)  is  a  ledge  of  black  slate  12  to  15  feet  high,  lying  exactly  at  the 
northern  end  of  the  medial  moraine,  and  the  main  glacial  stream  emerges  from  an  ice  cave 
inmiediately  west  of  this.  The  glacier  partly  covered  this  ledge  in  1910,  sloping  back 
evenly  from  its  top.  West  of  this  ledge  is  a  low  slate  outcrop  beneath  the  terminus  of 
the  glacier.  One  isolated  morainic  hummock,  15  or  20  feet  from  the  glacier,  and  just 
west  of  the  stream,  still  had  ice  in  it  and  was  rapidly  slumping.  The  rest  of  the  ice  front 
seemed  to  rest  upon  the  edge  of  the  gravels,  nowhere  underlying  them,  and  causing 
slumping  through  melting. 

The  OiUwash  GraveU.  In  1910,  Toboggan  Glacier  terminated  just  inside  its  mountain 
valley,  a  little  over  a  quarter  of  a  mile  from  the  fiord  (1600  feet),  at  an  elevation  of  about 
112  feet  above  sea  level.  Between  it  and  the  fiord  was  a  very  symmetrical  outwash 
gravel  plain,  projecting  into  the  fiord  for  about  an  eighth  of  a  mile  as  a  delta.  Above  the 
surface  of  this  outwash  fan,  which  slopes  at  the  rate  of  870  feet  to  the  mile,  rise  a  number 
of  ledges  of  bare  rock,  and  also  several  small,  barren,  gravel  hillocks  and  one  tree-covered 
gravel  knob.  Some  of  the  gravel  mounds  are  remnants  of  an  older  dissected  outwash 
plain,  while  others  may  be  remnants  of  older  terminal  moraine  built  when,  as  Grant  and 
Higgins  ^  believe,  the  glacier  reached  practically  to  tidewater.  One  large  stream  flows 
over  the  fan  near  the  middle,  and  one  small  one  on  the  extreme  southern  edge.  The 
main  stream  has  shifted  slightly  since  1905.  There  are  also  older  outwash  gravels, 
described  in  a  later  section. 

Advance  and  Retreat.  Grant,  Paige,  and  Higgins  visited  Toboggan  Glacier  in  1905 
and  1909,  determining  an  advance  of  400  feet  and  then  a  retreat  of  about  650  feet  between 
these  dates.  They  found  that  "'in  1905  the  center,  or  most  advanced  part  of  the  glacier, 
was  728  feet,  as  determined  by  pacing,  distant  from  the  cairn  (at  a.  Fig.  48).  . 
Just  at  the  extreme  front  of  the  ice  at  this  date  was  a  low  rock  ridge  crossing  the  valley. 
In  1909  the  most  advanced  part  of  the  glacier  was  252  feet  farther  back  than  in  1905. 
However,  in  1909  a  freshly  deposited  low  moraine  in  the  northern  half  of  the  plain  in 
front  of  the  glacier  indicates  that  the  ice  sometime  between  1905  and  1909  had  been  about 
400  feet  in  advance  of  its  position  at  the  earlier  date.'' 

A  photograph  by  Grant  and  Paige  (PI.  CXXXII,  B)  shows  that  the  glacier  was 
much  more  crevassed  in  1905  than  in  1910,  and  that  during  its  retreat  the  terminus 
has  narrowed  slightly  on  the  southern  side.  It  was  still  receding  in  July,  1910,  having 
retreated  75  feet  at  the  point  of  Grant's  measurements.    Future  measurements  of  the 

>  Bull.  Amer.  Geog.  Soc.,  Vol.  XLIII,  1911,  legend  of  Fig.  IS,  p.  387. 
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retreat  of  Tf^ggatt  Glacier  will  be  facilitated  by  the  black  alate  ledge  at  the  northern 
end  of  the  medial  moraine.  A  good  point  from  which  to  meaaure,  in  case  of  advance  of 
the  glacier,  is  the  nearest  graywacke  ledge  to  the  north  (e.  Fig.  48)  which  waa  517  feet 
from  the  ice  front  in  1910,  and  is  a  low  roche  moutonaie,  beautifully  striated.  Tboe 
ate  other  graywacke  ledges  further  west 

The  low  moraine  described  by  Grant  seems  to  have  been  destroyed  by  the  ^adal 
streams  between  1909  and  1910. 

In  front  of  the  southwestern  portion  of  the  Toboggan  Glacier,  an  area  of  parallel 
furrows  and  minute  ridges  similar  to  those  seen  by  Gilbert  at  Columbia  Glacier,  had 
been  exposed  by  melting  sittce  1905.  They  extended  north  and  south,  diaappeutog 
under  the  edge  of  the  ice.  and  were  made  of  till  and  outwash  gravel  containing  frag- 
ments of  finely-ahredded  wood.    About  70  feet  from  the  ice  front,  and  paralld  to  it,  was 
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Pia.  4S.    Hap  or  Lowi 
Showing  outwaih  d«lt*, 

a  diminutive  ndge,  6-12  inches  high,  crossing  the  erosion  furrows  neariy  at  ri^t  snglea. 
It  suggests  either  a  crevasse  deposit  or  a  minute  terminal  morune,  probably  the  former. 

Abandoned  Marginal  Gorget.  In  former  times  Toboggan  Glacier  was  undoubtedly 
a  tributary  of  the  laige  ice  tongue  of  Harriman  Fiord,  and  at  a  later  stage,  thou^  dis- 
connected, it  was  both  longer  and  wider  than  now,  as  is  shown  by  the  barren  zone  about 
its  borders.  On  the  eastern  side  of  the  glacier,  outside  this  barren  zone,  are  two  aban- 
doned stream  courses  (c  and  d.  Fig.  48),  occupied  by  mar^nal  drainage  at  a.  time  when 
the  glacier  was  more  expanded  than  now,  but  later  than  the  period  when  it  extended 
up  to  the  barren  zone. 

Barren  Zone.  A  barren  zone  around  both  the  eastern  and  western  borders  of  Toboggan 
Glacier  bears  sparse  vegetation  which  furnishes  evidence  of  two  stages  in  the  history  of 
the  glacier.  Outside  the  barren  zone  is  mature,  close-set  forest,  with  thick  moss  but 
without  undergrowth,  the  trees,  which  are  from  11  to  19  inches  in  diameter,  [ODbably 
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being  at  least  a  oentuiy  or  two  old.  They  end  along  a  straight  line  but  there  is  no  terminal 
moraine  or  line  of  dead  tree  trunks  at  the  forest  edge. 

The  outer  part  of  the  barren  zone,  farthest  from  the  glacier,  is  about  100  feet  wide 
and  bears  scattered  trees  65  to  70  years  old;  while  the  inner  zone,  nearest  the  glacier,  has 
only  a  veiy  few  scattered  shrubs  none  of  them  more  than  20  years  old.  There  is  not 
only  a  difference  in  age  of  trees  but  a  difference  in  the  amount  of  moss  on  the  rocks  in 
the  younger  and  older  parts  of  the  barren  zone.  Parts  of  these  zones  have  morainic 
soil,  parts  are  bare  rock  and  in  places  there  are  small  stony  lateral  moraines  containing 
dead  wood  and  rolls  of  peaty  soil. 

Growing  upon  the  surface  of  the  largest  gravel  knob  in  the  outwash  fan  (b.  Fig.  48) 
is  a  dense  thicket  of  alders  up  to  80  years  old  and  some  hemlocks,  of  which  the  oldest, 
observed  in  1910,  was  72  years  old.  The  deposit  in  this  knob  is,  therefore,  correlated 
with  the  advance  which  extended  up  to  the  edge  of  the  barren  zone,  as  are  also  (a)  a 
high  level  delta  in  the  small  valley  on  the  western  side  of  the  alluvial  fan,  and  (b)  some 
small  mounds  of  gravel  which  may  represent  older  outwash.  The  high  level  delta  which 
stands  about  50  feet  above  sea  level,  has  a  gently-sloping  surface  and  seems  to  have  been 
built  into  a  small  marginal  lake  at  the  outer  edge  of  the  barren  zone.  On  its  surface 
are  trees  about  70  years  old  and  it  is  trenched  deeply  by  the  present  stream  course. 

During  this  period  of  advance  the  glacier  seems  to  have  had  a  pronounced  bulb  shape 
and  to  have  extended  to  the  fiord;  but  the  second  advance  evidently  did  not  go  nearly 
so  far.  Most  of  the  main  delta  surface  is  barren,  being  still  occupied  by  shifting  streams, 
in  contrast  with  (a)  the  delta  at  the  end  of  the  eastern  gorge  (d,  Fig.  48)  on  which  grow 
70  year  old  conifers,  and  (b)  the  delta  at  the  end  of  the  later  (western)  gorge  (c.  Fig.  48) 
on  which  we  saw  no  alders  over  ^  years  old.  Li  the  zone  where  this  later  delta  coal- 
esces with  the  present  delta  of  Toboggan  Glacier  streams  there  were  scattered  trees  esti- 
mated to  be  a  century  old,  some  of  them  standing  dead,  some  living  but  in  process  of 
being  buried  and  killed  by  recent  gravel  deposition.  Two  or  three  conifers  also  grow  at 
sea  level  on  the  extreme  western  edge  of  the  main  delta;  but  none  of  these  appear  to  be 
over  60  or  70  years  old. 

Post  Wells 

General  Description.  Port  Wells  (Fig.  49),  extending  north-northeast  from  Passage 
Canal  to  Pt.  Pakenham  at  the  entrance  to  College  Fiord  and  Bany  Arm,  is  15  miles 
long  and  6  miles  wide.  On  the  western  side  are  Pigot  and  Bettels  Bays,  each  about  three 
miles  long,  and  four  shorter,  subordinate  bays.  The  eastern  wall  is  interrupted  by  two 
small  bays  and  also  by  the  entrance  to  Esther  Passage,  which  separates  Esther  Island 
from  the  mainland.  A  low  rock  rises  above  sea  level  at  all  stages  of  tide  near  the  south- 
eastern entrance  to  Port  Wells  a  mile  and  a  quarter  off  shore;  but  with  the  exception 
of  bars  at  the  entrances  to  College  Fiord  and  Barry  Arm  the  rest  of  the  fiord  is  deep. 
The  fiofid  walls  of  the  mainland  rise  steeply,  but  nowhere  so  precipitously  as  in  upper 
College  Fiord  and  in  Harriman  Fiord. 

Small  Glaciers  of  Port  Wells.  The  present  glaciers  of  Port  Wdls  are  the  Bettels  and 
Pigot  Glaciers,  two  moderate-sized  ice  tongues  each  terminating  a  little  over  a  mile  from 
the  head  of  the  bay  of  the  same  name.  There  are  also  a  number  of  much  smaller  glaciers 
in  the  mountains  to  the  west  of  the  entrance  to  Barry  Arm. 
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A  group  of  three  small  glaciers  on  the  western  side  of  Bany  Arm,  near  its  junction 
with  Port  Wells,  occupy  the  upper  part  of  a  large  cirque,  the  hanging  valley  lip  of  which 

is  approximately  100  feet  above 
sea  level.  There  are  still  smaller 
ice  remnants  on  the  mountains  be- 
tween Port  Wells  and  Haniman 
Fiord.  The  general  extent  of  all 
these  small  glaciers  was  sketched 
by  Grant  and  Higgina  in  1909. 

Bettels  Glacier,  which  sends  a 
stream  to  Bettels  Bay  (Fig.  50) 
heads  in  the  same  snowfields  whidi 
feed  Harriman  and  Dirty  Glaciers. 
It  is  about  4  miles  long,  \  mile 
wide,  and  terminates  about  1} 
miles  southwest  of  the  head  of 
Bettels  Bay. 

Pigot  Glacier  (Fig.  54)  heads  in 
<nrques  and  snowfields  adjoining 
those  of  Bettels  Glacier  and  <^ 
several  small  glaciers  in  Passage 
Canal.  It  is  about  3  miles  long.  } 
mile  wide,  and  ends  about  1}  miles 
from  the  head  of  Pigot  Bay.  It 
had  about  the  same  position  upon 
Applegate's  map  in  1887,  GI«m'8 
map  in  1808,  and  Grant  and  Big- 
gins' map  in  1909.  The  glacier 
surface  is  clean,  apparently  little 
crevassed,  and  is  striped  with  four 
prominent  medial  moraines.  A 
good-sized  tributaiy  enters  from 
the  east,  another  from  the  north, 
and  another  from  the  south  not 
far  from  the  terminus,  the  latter 
cascading  down  to  the  main  ice 
tongue,  with  so  steep  a  grade  that 
it  has  the  appearance  of  being  an 
avalanche  iriiere  the  ice  is  heaped 


Fio.  49.    SiTBUAiiiNE  TopoGBirar  IN  Fort  Wells, 


SoundiDgs  in  feeU      Submerged  contour    interval  800  feet   .„„„   ..„  „„;„    !>;„»   n : i 

rn.  .1-      .      ^   ..    ^     .     J  TT'    ■    s  upon  the  mam  Jrigot  (glacier,  al- 

(Outlme  of  oofttt  after  Grant  and  HiggTDs).  ,         ,     .  ,    ,,      . 

though  It  probably  has  no  ava- 
lanche relationship.  Near  it  are  four  or  five  small  ice  tongues,  ending  hi^  on  the 
mountmn  slopes  which  were  formerly  tributaries  of  Pigot  Glacier.  None  of  these  gla- 
ciers have  ever  been  studied  at  close  range. 
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Glacial  Ebosion 

Glacial  Erosion  above  Sea  Level — General.  The  evidence  of  intense  glacial  erosion  in 
Harriman  Fiord,  Bany  Arm,  and  Port  Wdls,  is  plainly  visible  above  sea  level  and  clearly 
indicated  by  soundings.  Throughout  the  fiords,  glacial  striae,  conforming  in  direction 
to  the  different  trends  of  the  fiords,  and  roches  moutonn£es  are  present  upon  bare  rock 
ledges  near  sea  level,  being  especially  well  shown  in  the  barren  zones.  These  features 
prove  clearly  that  ancestors  of  the  present  glaciers  completely  occupied  the  fiords,  and 
suggest  the  probability  that  the  fiords  were  given  their  present  straight  courses,  simple 
outlines,  and  steepened  lower  slopes  by  ice  erosion  without  sinking  of  the  land. 

The  extreme  height  of  glaciation  in  Harriman  Fiord  and  Port  Wells  was  estimated 
by  Gilbert  to  be  4000  feet  or  more,  on  the  basis  of  the  "cordon  of  high  hanging  valleys*' 
surroimding  Harriman  Fiord.  "Above  Bany,  Serpentine  and  Surprise  glaciers  they 
contain  hanging  glaciers  at  a  general  height  of  about  4000  feet,  and  east  of  Harriman 
Glacier  their  ice  banks  coalesce  in  a  continuous  terrace  along  the  valley  wall.  The  sur- 
face of  the  trunk  glacier  to  which  they  are  adjusted  probably  lay  5000  feet  above  present 
sea  level. " 

The  evidence  from  sea  level  indicates  that  the  2900  foot  hill  back  of  Pt.  Doran  was  com- 
pletely overridden,  for  the  summit  and  slopes  are  roimded,  and  the  cliffs  are  all  of  such 
small  size  as  might  readily  be  made  by  glacial  plucking  or  by  post-glacial  weathering. 
The  same  is  true  of  the  summit  of  Esther  Island  east  of  Port  Wells.  There  is  a  general 
roimded  appearance  to  all  the  bare  summits  throughout  Harriman  Fiord  and  Port  Wells 
below  5000  feet,  except  near  the  present  glaciers  where  there  are  many  cirques  separated 
by  narrow  arfttes  and  sharpened  peaks. 

Plucking  and  Oversteepening.  Some  of  the  lower  slopes  have  been  steepened  to  preci- 
pices. There  are  many  illustrations  of  steepened  slopes  in  Harriman  Fiord  and  Barry 
Arm.  Oversteepening  of  the  lower  slopes  of  the  fiord  wall  between  Baker  and  Detached 
Glaciers  recently  caused  a  great  avalanche. 

Because  of  the  steepness  of  the  slopes  and  the  consequent  absence  of  soil,  many  areas 
of  bare  rock  on  the  fiord  walls  are  as  yet  without  vegetation  excepting  in  joints  and 
hollows.  This  condition  is  well  illustrated  on  the  south  shore  of  the  inlet  leading  to  Sur- 
prise Glacier  where  the  roches  moutonn£es,  glacial  grooves,  and  striae  are  still  well 
preserved.  Many  of  the  beautiful  waterfalls  in  Harriman  Fiord  and  Barry  Arm,  as  along 
the  coast  between  Pt.  Doran  and  Toboggan  Glacier,  cascade  down  bare  rock  slopes  made 
smooth  by  glacial  erosion.  The  bare  knob  at  the  extreme  southeastern  limit  of  the 
barren  zone  on  the  eastern  side  of  Barry  Arm  shows  the  roches  moutonn£es  form  very 
well  indeed. 

Aaymetrical  Fiord  Walla.  Pt.  Doran  is  a  gently  sloping  spur  which  contrasts  with 
the  much  oversteepened  opposite  slope  below  Mt.  Curtis,  because  the  united  Barry- 
Harriman  Fiord  Glacier  flowed  faster  and  eroded  more  efficiently  on  the  eastern  side  of 
this  curve.  That  it  did  not  fail  to  eipde  the  hill  behind  Pt.  Doran  also  is  proved  by  the 
fact  that  all  rock  ledges  not  covered  with  soil  or  moss  are  roimded  knobs  with  striae 
and  grooves,  a  good  example  of  which  is  seen  in  the  great,  overhanging  glacial  groove 
shown  in  PL  CXXXVHL 

The  eastern  and  western  sides  of  Port  Wells  form  a  striking  contrast,  the  former  having 
a  markedly  oversteepened  lower  slope,  rising  up  to  a  distinct  shoulder,  while  the  western 
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side  has  long  sloping  spurs  not  truncated  excepting  at  the  tip,  nor  oversteepened  so  much 
as  the  eastern  side.  This  might  possibly  be  explained  by  a  difference  in  the  rock,^  for 
part  of  the  eastern  shore  is  granite,  while  the  western  coast  is  all  slate  and  graywacke* 
were  it  not  for  the  fact  that  southern  Esther  Island  and  the  coast  north  of  Esther  Pas- 
sage, on  the  eastern  shore,  are  made  up  of  slate  and  graywacke,  and  yet  these  parts  are 
nearly  as  much  oversteepened  as  the  granite  coast.  The  probable  explanation  is  that 
there  has  been  differential  glacial  erosion  on  the  opposite  sides  of  the  fiord,  the  former 
Port  Wells  Glacier  probably  hugging  the  eastern  shore  because  many  tributaries  entered 
from  the  opposite  side. 

Cirques  and  Hanging  Valleys.  Another  evidence  of  profound  glacial  erosion  comes 
from  the  cirques  and  hanging  valleys,  of  which  there  are  many.  There  is  a  well-developed 
hanging  valley,  for  example,  on  the  western  side  of  Barry  Arm,  about  a  mile  south  of 
Cascade  Glacier  (PL  CXXXIX) .  The  upper  part  of  this  valley  is  still  occupied  by  a  small 
glacier  from  which  a  stream  descends  to  the  fiord,  first  with  a  moderate  grade,  then  pre- 
cipitously over  the  lip  of  the  hanging  valley  which  lies  between  1000  and  1100  feet  above 
sea  level.  The  stream  cascades  down  to  Barry  Arm  in  a  large  waterfall  and  a  filmy 
bridal- veil  fall,  plunging  nearly  500  feet  in  one  vertical  cascade  and  altogether  descend- 
ing 1050  feet  with  horizontal  flow  of  less  than  500  feet.  This  hanging  valley  has  only 
recently  been  revealed  and  the  cascades  existed  only  a  few  years,  for  in  1898  the  Bany 
Glacier  extended  up  to  the  lip  of  the  hanging  valley.  The  hanging  condition  was  partly 
revealed  in  1899  but  not  fully  until  some  time  between  1905  and  1908  when  the  terminus 
of  Barry  Glacier  had  retreated  northeast  of  the  site  of  the  waterfall  so  that  the  full 
height  of  the  hanging  vall^  above  sea  level  was  exposed. 

Besides  this  typical  hanging  valley  there  are  many  others,  of  which  those  containing 
Cascade,  Cataract  and  Toboggan  Glaciers,  and  the  small  ice  tongues  southeast  of  Bany 
Glacier  may  be  cited  as  examples.  There  are  also  many  cirques  from  which  the  ice  is 
completely  melted,  as  between  Cascade  and  Serpentine  Glaciers,  and  on  the  slopes  of 
Mt.  Muir. 

Glacial  Erosion  below  Sea  Level — Longitudinal  Profiles  of  Fiords.  The  depth  of  water 
at  the  fronts  of  the  tidal  glaciers  (Bany  426  feet.  Surprise  354  feet.  Cataract  150  feet, 
Harriman  90  feet.  Serpentine  51  feet)  proves  that  these  ice  tongues  are  all  resting  on  the 
bottom  of  the  fiord  and  are  therefore  still  engaged  in  eroding  it. 

Within  Harriman  Fiord  the  depth  of  water  varies  from  90  to  510  feet  (Fig.  50),  and 
the  longitudinal  profiles  are  imdulating,  due  either  to  glacial  basining  or  to  complica- 
tion of  glacial  deposits,  a  point  discussed  below.  The  fiord  bottom  slope,  from  Pt. 
Doran  to  Pt.  Pakenham,  increasing  evenly  in  depth  from  414  to  576  feet,  averages  S2 
feet  to  the  mile,  and  this  slope  is  not  interrupted  by  basins  due  to  erosion,  or  by  note 
worthy  submerged  glacial  deposits. 

At  Pt.  Pakenham  where  the  fiord  is  shallowed  locally  by  what  is  interpreted  as  a  sub- 
merged moraine,  the  depth  increases  suddenly  from  576  to  930  feet  (PI.  CXLI).  As  this 
is  at  the  junction  of  Bany  Arm  and  College  Fiord  we  infer  that  the  former  expanded 
Port  Wells  glacier,  which  was  fed  from  these  inlets,  was  able  to  erode  more  efficiently 
than  either  the  smaller  Barry  Arm  or  the  College  Fiord  glaciers,  but  as  they  were  sub- 
equal  in  size  they  have  produced  a  confluence  step  at  the  north  end  of  Port  Wells. 
The  longitudinal  profile  is  interrupted  by  a  step  at  the  mouth  of  each  fiord,  however, 

>  See  geological  map  by  Grant  and  Oggina,  Fl.  11,  Bull.  44S,  U.  S.  Geol.  Survey,  1910. 
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because  of  increase  in  glacial  erosion  by  the  united  Bany  Arm  and  College  Fiord  Glaciers. 
These  submerged  steps  are  apparently  the  same  as  the  rock  treads  produced  by  dif- 
ferential glacial  erosion  on  the  land.  The  lip  of  the  submerged  tread  of  the  Barry  Arm 
step  is  354  feet  higher  than  the  bottom  of  Port  Wells;  but  if  the  ridge  interpreted  as  a 
submerged  moraine  is  added  the  discordance  is  576  feet  in  all. 

The  next  three  soundings  in  Port  Wells»  a  mile  apart,  show  depths  of  1098  to  1200 
feet  (Fig.  49);  and  the  following  seven  soundings,  two  miles  apart,  show  depths  of  1296 
to  1404  feet.  The  bottom  slope  of  Port  Wells,  therefore,  averages  28  feet  to  the  mile, 
being  a  little  flatter  than  the  bottom  slope  of  Barry  Arm  (PL  CXL)  above  the  step. 

Cross-Sections  of  Fiords.  The  cross-sections  of  southern  Port  Wells  and  outer  Passage 
Canal  show  a  fiord  bottom  1400  feet  deep  and  between  two  and  three  miles  wide,  bordered 
by  sides  sloping  1000  to  1200  feet  to  the  mile.  Such  a  cross-section  is  characteristic  of 
a  glacially-eroded  fiord,  and  is  repeated  in  narrower  sections  throughout  Port  Wells, 
Barry  Arm,  and  Harriman  Fiord. 

Stibmerged  Hanging  Valleys.  Pigot  Bay  is  a  submerged  hanging  vall^  (Fig.  49)» 
with  water  380  to  408  feet  deep,  and  with  the  lip  1088  feet  above  the  fiord  bottom. 
Bettels  Bay  and  the  small  indentations  on  the  western  side  of  Port  Wells  may  be  pre- 
sumed to  have  a  similar  discordant  relationship  though  no  soundings  were  made.  The 
indentation  south  of  Bettels  Bay  is  barred  at  the  mouth  by  rock  islands,  and  if  the 
channels  between  are  shallow,  as  is  probable,  the  discordance  of  grade  here  is  over  1800 
feet.  Submerged  hanging  valleys  are  also  suspected  in  the  coves  on  the  eastern  side  of 
Port  Wells  south  of  Esther  Passage.  This  passage  itself  has  a  hanging  relationship  to 
Port  Wells,  the  water  being  66  feet  deep  at  its  entrance,  while  the  main  Port  Wells 
fiord  is  1200  feet  deep. 

A  large  valley  on  the  eastern  side  of  Barry  Arm  joins  the  fiord  at  sea  level,  and  if  there 
are  rock  ledges  near  the  mouth  it  hangs  over  500  feet  above  the  fiord  bottom. 

The  deposits  near  the  mouth  of  Surprise  Glacier  inlet  make  it  impossible  to  determine 
the  erosion  relationship  of  Surprise  and  Harriman  Glaciers;  but,  though  this  cannot  be 
stated  positively,  it  seems  probable  from  the  existing  depths  that  the  inlet  of  Surprise 
Glacier  hangs  100  feet  or  more  above  that  of  Harriman  Glacier.  However,  the  cove  in 
which  Serpentine  Glacier  terminates,  is  clearly  a  submerged  hanging  valley,  the  depth 
of  water  being  12  to  51  feet  near  the  glacier  front,  and  474  feet  in  the  fiord  opposite,  so 
that  the  total  amoimt  of  discordance  is  at  least  428  feet  (Fig.  50). 

Glacier  Deposits  in  Harriman  Fiord  and  Port  Wells 

Partly  as  a  result  of  the  steepness  of  the  fiord  walls,  the  glacial  deposits  in  these  fiords 
are  not  extensive.  They  include  a  veneer  of  ground  moraine  on  all  but  the  steeper  slopes, 
small  belts  of  lateral  moraine  on  the  fiord  walls,  some  areas  of  outwash  plain,  and  some 
terminal  moraines  above  and  below  sea  level. 

Moraine.  The  areas  of  ground  moraine  call  for  no  particular  description.  They  con- 
sist of  till  and  bowlders  of  various  sorts,  including  rock  carried  out  from  the  mountains 
and  not  present  in  the  coimtry  rock  of  the  region  near  where  they  lie.  There  are  doubt- 
less deposits  of  similar  material  and  of  fine  silts  below  sea  level  in  the  fiords,  but  of  the 
nature  and  distribution  of  these  nothing  is  known. 

The  lateral  moraines  are  especially  well  developed  near  some  of  the  existing  glaciers^ 
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forming  pronounced,  saw-tooth  ridges  at  the  borders  of  several  of  the  barren  zones,  as 
akeady  described. 

The  only  well  defined  moraines  above  sea  level  recognized  in  this  region  are  the  ores- 
centic  moraines  in  front  of  Baker  and  Roaring  Glaciers  and  fragments  of  terminal  moraine 
in  front  of  Serpentine  (Fig.  45)  and  Barry  Glaciers  (PL  CXL).  A  valley  on  the  eastern 
side  of  Barry  Arm  contains  Lake  Cecelia,  which  Mendenhall  described  in  1898^  as 
held  in  by  "a  low  morainic  ridge"  which  "may  be  the  terminal  of  the  glacier  now  in 
retreat  at  the  head  of  the  valley,  or  may  be  a  lateral  left  by  a  tributary  ice  stream 
which  enters  from  the  east. "  In  other  places  the  terminal  moraines  either  have  been  cut 
away  by  streams  or  were  not  built  because  the  glaciers  terminated  in  the  sea,  or  were 
retreating  rapidly. 

OiUwash.  The  areas  of  outwash  plain  have  already  been  described,  the  one  in  front  of 
Toboggan  Glacier  (Fig.  48)  being  the  largest.  There  are  similar  areas  near  the  Serpentine 
and  Baker  Glaciers,  on  the  western  side  of  the  terminal  moraine  which  was  being 
built  by  Barry  Glacier  in  1898-99,  and  in  front  of  Dirty,  Pigot,  Bettels,  and  several  of 
the  smaller  ice  tongues. 

Submerged  Moraines.  Of  the  terminal  moraines  below  sea  level  the  most  conspicuous 
one  is  a  continuation  of  one  on  the  land.  It  occupies  the  position  of  Barry  Glacier  in 
1898  and  1899,  has  a  roughly  crescentic  form  (PL  CXL)  and  rises  to  sea  level  in  three 
localities.  At  all  other  points  it  lies  within  from  96  to  234  feet  of  the  surface,  with 
deeper  water  on  both  the  inner  and  outer  sides.  Opposite  Pt.  Doran,  where  this  termi- 
nal moraine  rises  to  the  level  of  the  sea,  moderate-sized  banks  occur  at  low  tide,  the  one 
nearest  the  point  being  about  1200  feet  long,  and  made  of  till  and  bowlders.  It  is  covered 
at  half  tide.  Besides  these  three  banks  there  is  a  shoal  in  the  middle  of  Harriman 
Fiord,  where  the  water  is  only  18  feet  deep  at  low  tide;  and  near  the  large  isolated 
ice  mass,  on  the  western  side  of  Barry  Arm,  a  projecting  peninsula  1800  feet  long  is 
exposed  at  low  tide,  continuing  the  belt  of  terminal  moraine  above  sea  level.  The  Bany 
Arm  portion  of  this  crescentic  moraine  nowhere  rises  to  sea  level,  the  water  upon  it  being 
120  to  £34  feet  deep.  Between  this  submerged  terminal  moraine  and  the  front  of  Bany 
Glacier,  the  water  increases  rapidly  in  depth,  being  426  feet  deep  half  a  mile  from  the  ice 
front,  and  increasing  in  depth  at  about  the  same  rate  westward  up  Harriman  Fiord  and 
southward  down  Barry  Arm. 

The  submerged  continuation  of  the  terminal  moraine  of  Serpentine  Glacier  is  shown 
in  Fig.  45.  It  is  a  rocky  bar,  practically  all  exposed  at  low  tide,  and  rising  39  feet  or  more 
above  the  bottom  of  the  cove  in  which  the  glacier  now  ends. 

Another  shoal  area  in  Harriman  Fiord,  which  might  be  interpreted  either  as  terminal 
moraine  below  sea  level  or  as  rock-swell  due  to  differential  glacial  erosion,  is  at  the  junction 
of  the  inlets  which  lead  to  Surprise  and  Harriman  Glaciers  (Fig.  50).  Here  there  is  an 
irregularity  of  the  fiord  bottom  rising  nearly  300  feet  above  the  bottom  of  the  fiord  to 
the  south,  the  crest  of  it  being  90  feet  below  sea  level  in  mid-fiord.  If  morainic,  it  was 
built  by  Harriman  Glacier  at  a  time  when  it  extended  6  miles  farther  north.  Icebergs 
strand  upon  this  shoal  more  than  i  mile  offshore  on  the  western  side  of  the  fiord,  sug- 
gesting a  moraine  bar  here. 

North  of  this,  opposite  Baker  Glacier,  the  water  is  120  to  174  feet  in  depth,  being 

t  Mendenhall,  W.  C,  20th  Ann.  Rept,  U.  S.  Geol.  Survey,  Part  VII,  1900,  p.  S25. 
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therefore  shallower 
than  is  nonnal  in  the 
fiord.  The  association 
of  this  shoal  with  a 
broad  point  between 
Baker  and  Detached 
Glaciers  (Fig.  47), 
which  projects  1150 
feet  into  the  fiord  and 
has  morainic  topogra- 
phy, suggests  a  cres- 
centic  moraine  built 
here  by  the  Serpentine 
Glacier.  The  water 
deepens  rapidly  to  258 
feet  west  of  this  shallow 
area,  and  to  282  feet 
east  of  it.  Our  sound- 
ings are  not  detailed 
enough  to  determine 
whether  or  not  these 
90  and  180  foot  irreg- 
ularities represent  a 
continuous  submerged 
morune  built  by  the 
formerly  coalescing 
Harriman  and  Surprise 
Glaciers,  or  indeed  to 
show  conclusively  that 
they  are  moraines 
rather  than  irregular- 
ities of  the  fiord  bot- 
tom due  to  difFerential 
erosion. 

At  the  northern  end 
(PI.  CXLI)  of  Port 
Wells  there  are  several 
sets  of  shoals  which  are 
best  interpreted  as 
submei^ed  terminal 
moraines,  or  morune 
bars,  of  the  sort  seen 
in  Unakwik  Inlet,  but 
with  less  of  their  length 
exposed  at  low  tide. 
They  span  the  mouths 
of    Bany    Arm    and 
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College  Fiord  at  Point  Pakenham,  where  these  fiords  unite  to  make  Port  Wells.  The 
one  at  the  mouth  of  Barry  Arm  has  354  feet  of  water  in  mid-fiord  but  rises  222  feet 
higher  than  the  bottom  a  mile  farther  up  the  fiord.  Its  ends  are  marked  by  spits 
running  out  from  each  shore  |  and  1^  miles  respectively,  where  alongshore  currents 
could  not  possibly  have  built  spits  without  a  shallow  foundation,  such  as  a  moraine  to 
guide  them.  They  are,  moreover,  composed  of  morainic  material  too  large  to  have 
been  carried  and  built  in  this  specialized  form  by  anything  but  ice.  The  one  on  the 
western  shore  is  double,  suggesting  two  halts  of  the  expanded  glacier. 

The  southernmost  of  the  two  submerged  moraines  at  the  entrance  to  College  Fiord  has 
276  feet  of  water  in  mid-fiord,  rising  90  feet  above  the  fiord  bottom  half  a  mile  to  the 
north  and  450  feet  above  that  to  the  south.  Its  visible  portion  consists  of  a  moraine  bar 
extending  a  mile  and  three-eighths  from  Pt.  Pakenham  on  the  west;  but  there  does  not 
seem  to  be  any  similar  bar  extending  out  from  the  eastern  shore.  The  material  in  the 
western  bar  includes  coarse  angular  bowlders,  and  the  part  nearest  shore  supports  clumps 
of  large  trees. 

A  mile  and  a  quarter  north  of  this  is  another  submerged  bar  lying  at  a  depth  of  less 
than  294  feet.  It  rises  approximately  50  and  70  feet  above  the  fiord  bottom  to  the  north 
and  south  and  has  a  point  visible  at  low  tide,  extending  out  toward  it  from  either 
shore. 

These  three  submerged  bars,  interpreted  as  moraines,  seem  to  have  been  built  just 
after  the  Port  Wells  Glacier  had  retreated  far  enough  to  separate  the  Barry  Arm  and 
College  Fiord  ice  tongues;  and  the  double  character  in  each  case  suggests  either  two 
halts  or  a  readvance. 

A  moraine  similar  to  these  is  possibly  being  built  at  the  present  terminus  of  Harriman 
Glacier,  for. —  (a)  there  are  no  rock  ledges  exposed,  as  at  Surprise  Glacier,  to  suggest 
that  the  head  of  the  fiord  has  been  reached;  (b)  a  partial  shoal  fronted  the  terminus  of 
the  glacier  in  1899;  and  (c)  six  or  seven  hundred  feet  from  the  ice  cliff  of  1910,  after 
700  to  1050  feet  of  advance,  the  water  was  only  90  feet  deep,  in  striking  contrast  to  the 
depth  near  the  front  of  other  large  tidal  glaciers  in  Prince  William  Sound.  Glacial  streams 
as  well  as  ice  borne  detritus,  are  doubtless  contributing  to  it. 

Relationships  of  Vegetation  to  Glacial  History 

The  vegetation  in  Port  Wells,  Barry  Arm,  and  Harriman  Fiord  furnishes  much  evi- 
dence of  the  recent  history  of  the  region.  There  is  thick  coniferous  forest  on  the  lower 
slopes  of  Port  Wells  and  Barry  Arm  up  to  Pt.  Doran.  Above  the  barren  zone  of  Bany 
Glacier  it  extends  continuously  up  to  Cascade  and  Coxe  Glaciers;  and,  even  beyond  these 
cascading  glaciers,  vegetation  extends  for  a  short  distance,  the  alder  thickets  extending 
farther  than  the  spruce  and  hemlock.  Barren  zones  around  Serpentine,  Surprise,  and 
Toboggan  Glaciers  also  interrupt  the  continuity  of  the  coniferous  forest,  which  extends 
southward  to  Baker  Glacier  on  the  western  side  of  Harriman  Fiord.  There  is  one  small 
clump  of  conifers  between  Baker  and  Detached  Glaciers  600  or  700  feet  above  sea  level, 
west  of  which  alder  thickets  extend  to  Surprise  Glacier  on  the  northern  shore  of  that 
inlet.  Alders  grow  between  Surprise  and  Cataract  Glaciers  on  the  southern  side  of  Sur- 
prise Inlet,  and  alders  and  two  stimted  spruces  are  found  between  Cataract  Glacier  and 
Harriman  Fiord.    The  eastern  side  of  Harriman  Fiord  has  thick  spruce  and  hemlodc 
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forest  from  Pt.  Doran  to  Wedge  Glacier  and  alder  thickets  extend  to  Harriman  Glacier, 
contrasting  with  the  western  side  which  has  alder  thickets  between  Surprise  Inlet  and 
the  head  though  only  one  very  stunted  spruce  was  seen. 

The  presence  of  thick  forest  nearly  at  sea  level  on  Point  Doran,  with  trees  possibly  over 
a  century  of  age,  shows  that  Barry  Glacier  has  not  overridden  this  point  for  at  least  100 
years,  as  Gilbert  pointed  out;  and  it  seems  probable  that  since  it  ceased  to  coalesce  with 
Harriman  Glacier,  Bany  Glacier  has  never  reached  Point  Doran  and  dammed  Harriman 
Fiord  into  a  lake;  for  there  are  neither  elevated  shorelines  nor  deltas  along  its  margins. 
Excepting  in  southern  Harriman  Fiord  the  forest  is  mature  and  vigorous,  and  there  are 
fewer  open  glades  in  the  coniferous  forest  of  Harriman  Fiord  than  near  Columbia  Glacier. 
The  oldest  tree  whose  age  we  determined  was  22}  inches  in  diameter  and  had  225  annual 
rings.  Muir,  however,  found  one  hemlock  in  1899  ^  only  nine  inches  in  diameter  which 
had  attained  825  years.  We  foimd  trees  in  Harriman  Fiord  in  1910  which  judging  by 
their  diameters,  must  have  been  even  older  than  that  noted  by  Muir.  Femow  observed 
in  1899  ^  that  logs  in  Prince  William  Sound  showed  the  following  relationships  of  diameter 
to  age: 

''50  annual  rings,  11  inches 
72        "  "    12  to  15  inches 

80        "  "    20mches 

125         "  "    22  inches." 

This  vegetation  proves  clearly  that  these  fiords  have  not  been  occupied  by  brimming 
ice  streams  since  at  least  the  sixteenth  century.  Gilbert  stated  in  1899  that  ''the  con* 
dition  of  extreme  glaciation  .  .  •  does  not  belong  to  the  series  of  modem  changes. 
«  .  .  Were  it  of  comparatively  recent  date  the  fiord  would  now  be  destitute  of 
trees,  but  such  is  not  the  fact.  It  is  true  that  the  slopes  are  bare  in  the  inmiediate  vicinity 
of  the  glaciers,  and  that  the  vall^  walls  enclosing  the  greater  glaciers  .  .  .  support 
no  trees,  but  the  lower  parts  of  the  fiord  walls  are  elsewhere  covered  by  a  hemlock  forest. 

As  to  the  proper  interpretation  of  the  peculiarities  of  forest  distribution  the  case  is 
not  altogether  clear.  In  other  localities  there  has  seemed  good  reason  to  ascribe  absence 
of  forest  to  recent  occupation  by  ice,  but  here  there  is  a  sort  of  transition  from  forest  to 
barren  which  suggests  climatic  limitation.  In  the  zone  of  transition  the  trees  are  not 
young  and  vigorous,  as  when  invading  newly-acquired  territory,  but  scrawny  and  ill- 
favored,  as  though  struggling  desperately  against  the  attack  of  hostile  conditions.  In 
an  illustration,  representing  the  edge  of  the  forest  nearest  to  Harriman  Glacier,  the  rare- 
ness of  branches  on  the  side  toward  the  water  suggests  that  winter  fogs  driven  landward 
overwhelm  the  boughs  with  loads  of  ice. " 

From  this  and  from  our  own  observations  we  are  convinced  that  the  presence  or  ab- 
sence of  trees  and  their  size  are  not  absolute  criteria  for  use  indiscriminately  in  inter- 
preting glacial  history  where  human  records  are  lacking.  That  the  rate  of  tree  growth 
varies  greatly  imder  climatic,  soil,  and  drainage  conditions  in  this  region  is  shown  by 
the  great  variations  in  the  relation  between  diameter  and  number  of  annual  rings  already 
quoted,  and  by  the  following  record  of  a  spruce  found  near  Baker  Glacier  in  1910. 
The  last  ten  years  of  growth  were  very  rapid,  as  shown  by  the  annual  rings,  the  previous 
ten  were  very  slow  indeed,  and  the  first  75  years  were  rapid.   With  evidence  of  decades  of 

1  Muir,  John,  Harriman  Alaska  Expedition,  Vol.  1, 1002,  p.  185. 
>  Femow,  B.  £.,  Harriman  Alaska  Expedition,  Vol.  U,  1902,  p.  855. 
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retardation  such  as  this,  it  is»  of  course,  not  safe  to  estimate  the  ages  of  trees  by  diameter 
alone.    The  trees  must  be  cut  down  and  the  rings  counted. 

The  absence  of  trees  in  southern  Harriman  Fiord,  bringing  up  the  possibility  of  recent 
expansion  of  Harriman  Glacier,  may  be  due  to  the  fact  that  conifers  are  not  always  seeded 
at  once  after  a  glacier  retreats,  while  alders  and  wiUows  may  start  sooner.  Accordingly 
the  length  of  time  since  retreating  glaciers  have  imcovered  a  tract,  as  determined  by 
vegetation,  should  always  be  regarded  as  a  minimum.  In  the  case  of  the  barren  zone 
around  Bany  Glacier,  however,  we  differ  from  Grant  and  Higgins  who  believe  that  the 
advance  to  its  outer  limit  was  probably  25  years  or  more  ago.^  We  have  direct  evidence 
that  seeding  did  take  place  there  at  once,  for  in  the  field  we  first  determined,  by  ages  of 
trees  that  the  last  advance  was  at  least  11  years  before  (1899  or  earlier),  and  subsequently 
after  reaching  home,  found  the  records  of  the  am^  officers  who  witnessed  the  activity 
in  May,  1898,  exactly  12  years  before.  This  advance  ceased  during  that  year,  however,, 
and  there  was  considerable  melting  before  June,  1899,  so  that  wiUows  and  alders  were 
able  to  start  on  the  abandoned  lateral  moraines  and  in  the  edges  of  the  barren  zone  during^ 
the  summer  of  1899.  Thus  they  were  eleven  years  old  in  1910.  Similar  immediate  oc- 
cupation by  vegetation  was  found  to  have  occurred  on  the  elevated  beaches  in  Yakutat 
Bay,  where,  as  in  the  Bany  Glacier  barren  zone,  the  proximity  of  mature  plants  gave 
opportimity  for  immediate  seeding. 

With  these  facts  and  limitations  in  mind,  the  following  relationships  of  vegetation 
to  the  Barry,  Serpentine,  Toboggan,  and  Baker  Glaciers  in  Harriman  Fiord  may  be 
profitably  considered. 

As  already  stated,  there  are  conspicuous  barren  zones  aroimd  the  termini  and  lower 
borders  of  a  number  of  the  Prince  William  Sound  glaciers  (Pis.  CXXXIX  and  CXXXII, 
B),  as  a  result  of  the  fact  that  the  glaciers  have  melted  back  from  their  farthest  recent 
advance.  There  was  such  a  barren  zone  aroimd  Columbia  Glacier  when  Gilbert  visited 
it  in  1899,  but  before  1909  most  of  this  barren  zone  was  overridden  by  the  advancing 
glacier  and  by  1910  it  was  covered,  as  were  most  of  the  barren  zones  which  had  bordered 
the  College  Fiord  glaciers  from  1899  to  1909.  In  Harriman  Fiord,  on  the  other  hand, 
these  barren  zones  were  still  present  near  most  of  the  glaciers  in  1910. 

Our  first  impression  was  that  the  advances  which  caused  these  barren  zones  were  syn- 
chronous and  that  an  examination  of  the  ages  of  shrubs  that  had  sprung  up  in  the  barren 
zones  would  reveal  the  approximate  date  at  which  the  last  advance  of  all  the  glaciers- 
had  taken  place. 

The  vegetation  near  Serpentine  Glacier  was  studied  and  in  its  barren  zone  none  of 
the  scattered  willows,  alders,  and  spruces  were  foimd  to  be  more  than  27  years  old.  An 
earlier  moraine  outside  this  belt  had  trees  up  to  93  years  of  age.  Baker  Glacier,  just 
south  of  Serpentine,  had  a  nearly-barren  inner  moraine  with  shrubs  18  years  old  and  a 
more-thickly-forested  outer  moraine  with  spruces  up  to  110  years  old.  Toboggan  Glacier 
had  20  year  old  shrubs  on  the  last  moraine  of  its  barren  zone  and  conifers  of  70  years 
growth  on  an  older  moraine.  Barry  Glacier  was  bordered  by  a  barren  zone  with  the 
oldest  shrubs  only  11  years  old;  and  here  there  are  not  two  belts,  but  one,  outside  of 
which,  on  each  margin  of  the  glacier,  a  very  perfect  push-moraine  ridge  separates  the 
barren  zone  from  the  thick  forest  100  to  225  years  old.  We  cut  down  many  trees  and 
counted  rings  in  determining  these  ages,  only  the  oldest  ones  being  cited  here.    At  the 

>  Bull.  Amer.  Geog.  Soc.,  Vol.  XT,TTT,  1911,  p.  SSI. 
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borders  of  these  older  deposits  there  are  usuaUy  moraine  ridges,  beyond  which  is  thick- 
set, mature  forest  with  trees  from  100  tx)  325  years  or  more  of  age. 

It  was  foimd,  therefore,  that  the  advances  were  not  synchronous,  and  that  in  three 
cases  out  of  the  four  the  glacier  had  advanced  twice,  for  it  is  hardly  conceivable  that 
each  glacier  stood  at  the  inner  moraine  long  enough  for  the  shrubs  to  grow  for  50,  66, 
and  92  years.  The  data  for  the  last  of  these  two  advances  may  be  arranged  as  follows, 
suggesting  glacial  maxima  which  terminated  in  the  years  shown  in  the  right-hand  column, 
or  at  some  preceding  date,  but  never  later. 


Glacier 

Age  of  Trees 

Earliest  Possible  Date  of 
Advance 

Serpentine 
Toboggan 
Baker 
Barry 

27  years 
20     " 
18     " 
11      " 

1882 
1889 
1891 
1898 

There  are  no  known  visits  of  white  men  by  which  to  check  any  of  these  dates  except 
in  the  case  of  the  Barry  Glacier,  which  had  retreated  slightly  from  the  edge  of  the  barren 
zone  when  the  Harriman  Expedition  visited  it  in  1899.  In  1898  some  army  officers  saw 
it  from  a  distance  of  i  mile  and  the  advance  was  evidently  still  taking  place,  for  an  abnor- 
mal number  of  very  large  icebergs  was  being  discharged. 

Was  this  group  of  advances  due  to  climatic  variations  or  to  earthquake  avalanching? 
If  it  was  the  former  we  must  explain  why  all  these  glaciers,  which  are  fed  from  adjoining 
snowfields,  did  not  advance  approximately  together,  instead  of  through  a  period  of  16 
years.  If  earthquake  avalanching  is  thought  to  have  caused  the  advances  we  see  at 
once  the  likeness  in  lag  due  to  size,  observed  in  the  Yakutat  Bay  advances,  for  Barry 
Glacier  is  longer  than  Serpentine,  and  Baker  is  longer  than  Toboggan  Glacier.  The 
two  last  are  shorter  than  Serpentine,  but  have  veiy  different  grades  and  shapes  of  snow- 
fields. 

There  was  a  severe  earthquake  in  this  part  of  Alaska  in  1880,  and  the  advances  show 
an  apparent  time  relationship  to  this  that  warrants  the  retention  of  the  earthquake 
avalanching  hypothesis  as  certainly  possible,  the  first  glacier  advancing  two  years  after 
the  earthquake.  As  in  the  Yakutat  Bay  cases,  the  last  glacier  advanced  and  ceased  its 
advance  during  a  single  year,  as  possibly  the  earlier  ones  did  also. 

In  the  case  of  the  group  of  earlier  advances  the  same  choice  of  causes  is  possible.  The 
short  Baker  Glacier  advanced  before  the  long  Serpentine,  with  the  Toboggan  advancing 
still  later.  The  absence  of  a  record  for  Bany  Glacier  suggests  that  the  1898  maximum 
went  beyond  this  earlier  one  and  destroyed  the  records  of  it,  as  Columbia  Glacier  has 
now  absolutely  destroyed  all  the  evidence  of  the  1892  maximum,  which  was  plainly 
visible  from  1899  to  1909.  The  group  of  advances  in  Harriman  Fiord  70  to  110  years 
ago,  with  progressive  development  of  advances  of  adjacent  glaciers  of  several  sizes  sug- 
gests the  possibility  of  an  origin  by  earthquake  avalanching,  as  the  synchronous  ad- 
vance of  the  eight,  variable-sized,  contiguous.  College  Fiord  glaciers  in  1910,  described 
in  the  preceding  chapter,  strongly  suggests  the  probability  of  climatic  origin. 
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It  is  to  be  hoped  that  some  future  expedition  to  Harriman  Fiord  may  determine  whether 
the  Harriman,  Roaring,  Cataract,  and  Baker  Glaciers,  which  were  advancing  slightly 
in  July  and  August,  1910,  continued  their  activity  after  that  year;  and  whether  the 
Bany,  Serpentine,  Detached,  Surprise,  Dirty,  Wedge,  Toboggan,  and  smaller  glaciers^ 
which  were  then  retreating,  also  advanced  later  in  1910.  The  relationships  of  vegeta- 
tion in  the  barren  zones  will  be  important  in  determining  this. 


CHAPTER  XVII 

THE  GLACIERS  OF  PASSAGE  CANAL  AND  BLACKSTONE  BAY 

General  Description 

Passage  Canal  is  a  fiord,  extending  in  a  general  east  and  west  direction  in  the  north- 
western part  of  Prince  William  Sound.  Portage  Bay»  Blackstone  Bay,  Cochrane  Bay, 
Port  Wells,  and  Cnlross  Passage  are  the  principal  indentations  leading  out  of  it.  It  is 
about  25  miles  long,  and  from  1  to  ^i  miles  wide.  Esther  and  Culross  Islands  flank 
the  mouth  of  Passage  Canal  and  on  the  western  side  of  Culross  Island  is  Culross  Pas- 
sage, a  narrow,  crooked  channel,  11  miles  long,  connecting  Passage  Canal  with  Port 
Nellie  Juan  to  the  south.  These  fiords  have  steeply-rising  walls,  a  great  many  snow- 
fields  near  by,  and  moderate-sized  glaciers,  some  of  which  extend  down  to  sea  level. 

Previous  Observations 

The  exploration  of  these  fiords  was  accomplished  by  several  of  the  same  men  who 
did  the  early  work  in  the  other  parts  of  Prince  William  Sound,  with  the  exception  of 
the  Harriman  Expedition  which  did  not  visit  them.  Maps  of  one  kind  or  another  and 
brief  descriptions  have  been  published  by  Vancouver  and  Whidbey,*  Petroff,*  Apple- 
gate,'  Glenn,^  Leamard,  Castner  and  Kelly,  Mendenhall,*  Herron,*  Porter,^  and  Grant 
and  Higgins.'  Of  these  observers  only  Grant  and  Higgins  have  given  especial  attention 
to  glacier  study. 

The  junior  author,  in  charge  of  the  National  Geogr^>hic  Society's  expedition  of 
1910,  devoted  four  days  (August  fS  to  5)  to  a  study  of  the  glaciers  of  inner  Passage  Canal 
and  Blackstone  Bay.*    During  this  time  we  made  the  map  of  Tebenkof  Glacier,  the 

>  Vancouver,  George,  Voyage  of  Dijoorery  to  the  North  Pacific  Ocean  and  Round  the  World*  Vol.  V,  1801* 
pp.  849-t50,  288,  80^811.    Map  reproduced  by  Davidton  (see  below)  Biap  V. 
tPetroff.  Ivan,  Tenth  Census  of  the  United  SUtes,  1880,  Vol.  Vm,  1884,  p.  27  and  Biap  VI,  facing  p.  75. 

•  Applegate,  S.,  map  in  Davidson's  Glaciers  of  Alaska  that  are  Shown  on  Russian  Charts  or  Mentioned  in 
(Hder  Narratives,  Trans,  and  Proc.  Geog.  Soc,  Pacific,  Vol.  8,  1004,  p.  27  and  Map  XI. 

« Glenn,  E.  P.,  War  Dept.,  Adj.-Gen.  OfiSlce,  No.  XXV,  1800,  pp.  17-18,  26-82;  Leamard,  H.  G.,  Ihid., 
pp.  125,  127-8;  Castner,  J.  C,  Ibid.,  pp.  180-102;  Kdly,  L.  S.,  Ibid.,  p.  280.  also  map  in  pocket 

•  Mendenhall,  W.  C,  20th  Ann.  Kept.,  U.  S.  Geol.  Survey,  Part  VII,  1000,  pp.  278-4,  801,  825-826,  and 
Map  16. 

•  Herron,  J.  S.,  War  Dept.,  Adj.-Gen.  Office,  No.  XXXI,  1001,  p.  18  and  map. 

7  Porter,  R.  W.,  Report  on  Population  and  Resources  of  Alaska,  Eleventh  Census,  1800,  Washington,  1808, 
p.  70. 

•  Grant,  U.  S.  and  Hig^ns,  D.  P.,  GUders  of  the  West  Coast  of  Prince  "V^llliam  Sound,  Bull.  Amer.  Geog. 
Soc.,  Vol.  XLIII,  1011,  pp.  402-407;  in  Reid's  Variations  of  Glaciers,  Joum.  Ged.,  Vol.  XVn.  1000.  p.  671; 
also  maps  in  Bull.  284.  U.  S.  Geol.  Survey,  1006,  Fig.  4,  p.  70;  Ibid.,  Bull.  870, 1000,  PI.  IV,  facing  p.  88; 
Ibid.,  Bull.  443,  1010,  H.  I,  facing  p.  10  and  H.  U,  in  pocket. 

•  Martin,  Lawrence,  The  National  Geographic  Society  Researches  in  Alaska,  Nat.  Geog.  Mag.,  Vol.  XXII, 
1011,  p.  550;  Joum.  Geol.,  Vol.  XIX,  1011,  p.  458. 
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modified  map  of  the  ice  tongues  at  the  head  of  Blackstone  Bay»  and  soundings  through- 
out  Blackstone  and  Portage  Bays. 


Blackstone  Bay 

Topography.  Blackstone  Bay»  a  southwestern  branch  of  Passage  Canal  just  west 
of  Port  Wells,  is  about  11|  miles  long  and  from  one  to  two  miles  wide.  It  is  a  steep- 
walled  fiord,  but  the  walls  are  lower  than  those  of  Harriman  Fiord  and  inner  Passage 
Canal  which  penetrate  the  very  heart  of  the  mountains.  Near  the  head  of  Blackstone 
Bay  is  the  long,  narrow  Willard  Island  and  a  projecting  peninsula;  and  around  the 
head  of  the  bay  are  eight  small  glaciers.  On  the  southern  side  of  the  bay,  close  to  Pas- 
sage Canal,  is  a  cove  about  a  mile  long,  a  short  distance  south  of  which  is  Tebenkof 
Glacier,  the  largest  ice  tongue  of  Blackstone  Bay. 


Fio.  51.    Skstch  or  PABaAos  Canal. 

Tebenkof  Glacier — Snowfields  and  Ice  Tongue.  Tebenkof  Glacier  (Pig.  5i)  is  known  to 
be  over  ten  miles  long  and  is  from  less  than  one  to  over  two  miles  wide  in  the  lower  por- 
tion. It  terminates  over  a  half  mile  from  the  head  of  the  cove,  into  which  a  number 
of  large  streams  flow.  Tebenkof  Glacier  also  has  two  subordinate  termini,  which  are 
lobes  projecting  from  the  side  of  the  glacier  into  tributary  valleys.  The  largest  of  these 
is  about  4  miles  from  the  terminus  and  projects  westward  for  about  a  mile  and  a  half, 
sending  a  glacial  stream  down  to  Blackstone  Bay.  The  smaller  lobe,  which  is  on  the 
eastern  side  about  two  miles  south  of  the  terminus,  projects  a  shorter  distance  from 
the  side  of  the  glacier  and  its  stream  discharges  eastward  to  Cochrane  Bay. 

The  glacier  heads  on  a  high  snow  divide  which  is  unexplored  and  it  seems  probable 
that  the  snowfields  there  coalesce  with  those  that  feed  the  smaller  ice  tongues  to  the 
west  at  the  head  of  Blackstone  Bay  and  the  glaciers  on  the  northwestern  side  of  Port 
Nellie  Juan.  At  least  10  miles  south  of  the  terminus  of  Tebenkof  Glacier,  there  is  an- 
other small  glacier  fiowing  northeastward  from  this  same  snowfield.  It  is  about  2 
miles  long  and  its  outlet  stream  flows  eastward  to  Cochrane  Bay  about  ^  miles  distant. 
The  absence  of  glaciers  in  Cochrane  Bay  on  the  east,  and  in  Blackstone  Bay  on  the 
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B.      HAItRtM.\N-   FlOBD  IN-  1910 

lowing  the  retreat  of  B«iiy  and  Surprue  Gltkden  n 


Pl.\te  C'XXXII 


<-  Lateral  Moraine  of  Fobmerli  Expanded  Barrt  Glacieb 
n  the  barren  lonc  and  the  thick  mature  forest,  some  of  whose  trees  o 
the  left.     Photograph,  July  26,  1910. 


B.      ToBOnCAX   CLAaER 

Showing  also  barren  zone  and  oulwash  plain.     Photograph  by  U.  S.  Grant  and  Sidney  Paigi^ 

August  iO,  190j. 
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weat,  everyrrhere  excepting  at  the  head,  emphasizes  the  elevated  position  of  Tebenkof 
Glacier  which  lies  between  the  two  bays  and  which  extends  nearly  as  far  north  as  th^r 
mouths. 

The  surface  of  the  glacier,  whidi  has  no  medial  or  lateral  morainea,  la  exceptionally 


FlQ.  fie.      TeBEKKOF  GI.4CIEB  IN   1*10. 

clean  (Fl.  CXLII)  and  without  morainic  d^bria  except  in  littie  patches  at  the  tennisus. 
It  was  so  slightly  crevassed  in  August,  1910,  that  travel  over  the  glacier  surface  was 
very  easy.    Ute  surface  slopes  18°  to  M",  steepening  to  S2°  and  W  near  the  terminus 
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and  in  one  place,  near  the  western  edge,  to  45^.    It  is  separated  from  the  sea  hj  a  cres- 
centic  terminal  moraine  and  an  outwash  gravel  plain. 

Lack  of  Change.  The  terminus  of  the  Tebenkof  Glacier  in  1010  (Fig.  52)  was  not 
very  different  from  the  conditions  in  1909  and,  so  far  as  information  is  available,  in 
previous  years.  Applegate  showed  the  glacier  in  1887  in  about  the  same  position  as 
in  1909  and  1910.  Photographs  from  sites  occupied  by  Grant  in  1909  show  no  change 
during  the  following  year  on  the  eastern  edge  and  only  a  slight  retreat  at  the  western 
margin  of  the  ice  front.    There  are  no  earlier  photogn^hs. 

Terminal  Moraines.  The  terminal  moraine  is  close  to  the  glacier  and  varies  c<uisid- 
erably  in  character.  The  portion  near  the  eastern  center  (Fig.  59),  having  a  width 
of  from  700  to  1150  feet,  has  a  hummocky  inner  surface  against  which  the  edge  of  the 
ice  rests.  On  it  are  a  few  pools,  but  no  large  kettles.  There  is  a  similar  small  area 
near  the  eastern  valley  wall.  The  remainder  of  the  terminal  moraine  forms  a  striking 
contrast  with  this,  being  a  sin^e  ridge  or  series  of  small  parallel  ridges  less  than  100 
feet  wide,  20  feet  or  less  in  hd^t,  and  extending  across  the  valley  with  a  shi^pe  similar 
to  that  of  the  present  terminus  of  the  glacier  and  at  a  distance  of  600  to  800  feet  from  it. 

Between  this  terminal  moraine  ridge  and  the  glacier,  both  east  and  west  of  the  broader 
central  portion  of  the  moraine,  outwash  gravel  is  still  bdng  deposited,  the  gravel  deposit 
on  the  east  containing  small  pools  possibly  due  to  slumping  of  a  small  buried  portion 
of  the  glacier  front.  As  these  gravels  were  still  bdng  built  up  by  glacial  streams  in 
1910,  it  seems  probable  that  other  parts  of  the  terminal  moraine  d^>osits  have  been 
cut  away  by  these  streams  and  buried  by  their  accumulations. 

On  the  eastern  side  of  the  moraine,  which  was  barren  in  most  places,  were  scattered 
alders  up  to  eight  years  old  in  1910.  On  the  western  side,  the  outer  part  of  the  moraine 
had  wiUows  10  years  old  and  alders  ci  12  years  growth. 

This  terminal  moraine  is  not  continued  by  lateral  moraines  at  the  borders  ci  the 
glacier,  probably  because  little  morainic  material  was  supplied  from  the  bare  rock 
there.  There  are,  however,  discontinuous,  linear  patches  of  moraine  paralleling  the  ice 
edge  on  the  eastern  side. 

Older  Terminal  Moraine.  On  the  western  side  of  the  valley  and  about  50  feet  out- 
side the  terminal  moraine,  was  a  fragment  of  an  older  terminal  moraine,  contrasting 
with  the  inner  one  in  having  much  moss  and  many  shrubs  growing  upon  its  surface. 
One  willow  examined  was  18  years  old.  This  furnishes  the  only  evidence  of  two  stages 
in  the  recent  history  of  Tebenkof  Glacier. 

Outwash  Plain.  The  outwash  gravel  plain,  with  a  length  of  2800  to  4500  feet  and 
a  width  of  about  a  mile,  is,  in  some  parts,  still  being  built  up  by  streams.  To  the  north- 
ward it  is  continued  into  the  bay  by  a  mud  flat  400  to  700  feet  wide  at  low  tide.  This 
plain  is  85  to  50  feet  above  sea  level  at  the  ice  edge  and  slopes  at  the  rate  of  60  to  05 
feet  per  mile.  Some  parts  of  the  outwash  gravel  plain  are,  however,  no  longer  being 
built  up  and  have  had  no  streams  for  over  20  years,  as  is  shown  by  an  extensive  growth 
of  willow  and  alder  thickets.  Less  than  half  way  between  the  bay  and  the  glacier  are 
several  clumps  of  tall,  synmietrical  spruce  trees,  the  largest  being  about  S  feet  in  diam- 
eter and  with  an  estimated  age  of  a  centuiy  or  more.  A  pair  of  small  hillocks,  which 
appear  from  a  distance  to  be  rock  hills,  rise  up  through  the  alluvial  deposits  on  the 
eastern  edge  of  the  outwash  gravel  plain;  and  there  is  a  single,  similar  hillock  on  the 
western  side  near  the  valley  wall. 


GLACIERS  OF  PASSAGE  CANAL  AND  BLACKSTONE  BAY         S55 

Barren  Zone.  On  each  side  of  the  terminus  of  Tebenkof  Glacier  was  a  barren  zone 
(bb.  Fig.  52),  also  noted  in  1009  by  Grant  and  Higgins.  It  is  200  to  400  feet  in  width, 
but  wedges  out  at  a  distance  of  le^s  than  a  mile  to  the  southward.  The  upper  edge 
of  this  barren  zone  marks  the  greatest  expansion  of  Tebenkof  Glacier  in  recent  years, 
for  above  it  is  thick  mature  forest,  with  trees  16  to  24  inches  in  diameter  and  with  a 
few  dead  trees,  still  standing  at  the  edge  of  the  forest.  The  western  margin  had  many 
dead  tree  heaps  at  the  edge  of  the  barren  zone. 

Between  the  barren  zone  and  the  ice  the  rock  surface  is  prevailingly  bare,  and  upon 
it  are  scattered  fragments  of  dead  tree  trunks,  while,  where  there  is  soil,  flowers,  grasses, 
and  scattered  young  willows,  alders  and  spruces  are  growing.  The  upper  part  of  the 
western  barren  zone  has  quite  a  number  of  scattered  shrubs,  but  its  lower  part  has 
almost  none.  The  largest  of  the  alders  observed  had  seven  annual  rings.  This  and 
the  12  year  old  alders  on  the  terminal  moraine  indicate  that  the  last  expansion  of  the 
glacier  up  to  the  edge  at  the  barren  zone  and  out  to  the  terminal  moraine  was  at  least 
12  years  before  1010. 

Glaciers  at  the  Head  of  BlacksUme  Bay — Relatumshipe  of  Glaciers.  This  is  a  group  ci 
moderate-sized  ice  tongues,  descending  from  n6v£  fields  which  surround  the  head  of 
Blackstone  Bay.  All  at  them  are  cascading  glaciers  at  vaiying  steepness,  and  only 
two  are  tidal,  though  three  others  on  the  eastern  side  reach  almost  to  tidewater.  The 
name  Blackstone  Glacier  has  heretofore  been  used  for  the  whole  group,  as  if  they  were 
distributaries  of  a  single  ice  cap,  but,  as  they  are  not  lobes  of  a  single  glacier,  but 
separate  valley  glaciers,  as  few  of  their  n£v£  fields  coalesce  on  the  ridges  between, 
it  seems  desirable  to  give  separate  names  to  each  of  the  ice  tongues.  The  addi- 
tional names  are  taken  from  colleges  in  Wisconsin.  The  apparent  coalescing  of  the 
glaciers,  indicated  in  Fig.  53,  would  practically  disappear  if  more  detailed  maps  were 
made  which  separated  the  ice  tongues  from  the  n&vk  on  the  adjacent  mountain  slopes. 
Ripon  Glacier,  for  example,  heads  in  a  cirque  which  has  n6v6  all  over  its  head  and  side 
walls. 

At  a  period  of  greater  expansion  all  of  these  glaciers  were  tributaries  to  a  great  ice 
tongue  in  Blackstone  Bay  similar  in  dimensions  to  the  Tebenkof  Glacier.  It  seems 
probable  that  the  retreat  of  this  glacier  and  its  separation  into  distinct  ice  tongues, 
while  the  non-tidal  Tebenkof  Glacier  still  extends  over  6  miles  farther  northward,  is, 
in  part  at  least,  a  result  of  more  rapid  melting  of  the  Blackstone  ice  tongue  on  account 
of  its  ending  in  salt  water. 

Blackdone  Glacier.  Blackstone  Glacier  heads  in  imexplored  snowfields  southwest  of 
the  bay,  having  a  moderately-sloping  upper  portion,  fed  by  numerous  small  tributa- 
ries, and  a  steeply-cascading  terminus,  which  descends  several  himdred  feet  in  the  last 
quarter  of  a  mile,  terminating  in  the  southwest  comer  of  the  bay  in  a  vertical  ice  cliflF 
over  a  hundred  feet  high,  from  which  small  bergs  are  discharged.  The  glacier  is  a  clean 
white,  severely-crevassed  mass  reaching  tidewater  only  in  the  eastern  portion,  but 
descending  nearly  to  tidewater  for  some  distance  to  the  west. 

On  the  early  maps  by  Applegate,  Mendenhall,  and  others  this  glacier  is  indicated  as 
coalescing  with  the  adjacent  Beloit  and  Northland  ice  tongues  and  as  extending  over 
half  a  mile  farther  north  to  the  southern  end  of  Willard  Island.  This  is  probably  an 
error,  for  Applegate  did  not  go  near  enough  to  the  glacier  to  be  sure  of  its  relationships, 
and  in  1910  spruce  trees,  10  to  12  inches  in  diameter,  were  found  at  sea  level  on  the 
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southern  end  of  Willard  Island.    The  correct  position  of  the  terminus  of  the  glacier 
was  first  mapped  in  1909  by  Grant  and  Higgins. 

A  comparison  of  their  photographs  with  ours  taken  in  1910  shows  a  slight  advance 
of  the  glacier  during  that  year.  It  is  not  certain  exactly  how  much  advance  there  was, 
but  a  rock  ledge  exposed  in  1909  beneath  the  eastern  side  of  the  terminus  was  over- 
ridden in  1910  and  the  tidal  frontage  was  slightly  increased.  The  western  edge,  toward 
Northland  Glacier,  covered  more  of  the  bare  rock  slopes  near  sea  level  in  August,  1910, 
than  in  July,  1909.  At  several  points  along  this  western  portion  of  the  terminus,  ice 
blocks  were  sliding  down  from  the  end  of  the  glacier  into  the  sea  as  a  result  of  this  advance. 

Beloit  and  Marquette  Ghciers.  These  are  two  adjacent  cascading  glaciers,  Beloit  Gla- 
cier being  at  the  very  head  of  Blackstone  Bay,  while  Marquette  Glacier  lies  a  short 
distance  northeast  of  it.  The  latter  has  a  much  gentler  slope  than  the  former.  Beloit 
Glacier  descends  from  a  gently  sloping  upper  portion,  at  about  the  same  level  as  Black- 
stone  Glacier,  and  terminates  at  sea  level  in  a  vertical  ice  cliff  from  which  bergs  were 
discharged  in  1909  and  1910,  there  being  no  appreciable  change  in  the  ice  front  during 
the  period  of  observation.  Both  of  the  glaciers  are  without  medial  or  lateral  moraines, 
Beloit  Glacier  being  severely  crevassed,  while  Marquette  Glacier  b  rather  smooth. 
The  former  is  fed  from  n£v6  fields  adjoining  the  Blackstone  Glacier  and  is  separated 
from  the  Marquette  Glacier  by  a  mountain  ridge,  the  upper  portion  of  which  is  covered 
with  n£v6  which  feeds  into  each  of  the  glaciers.  In  1909  and  1910  Marquette  Glacier 
terminated  a  few  hundred  feet  from  the  water's  edge  and  underwent  no  appreciable 
change  during  that  period.  It  was  covered  with  snow  nearly  to  sea  level  in  August, 
1910. 

Ripon  and  Lawrence  Glaciers.  These  two  cascading  glaciers  are  on  the  eastern  side 
of  Blackstone  Bay,  Lawrence  Glacier  being  about  three  quarters  of  a  mile  northeast 
of  Marquette  Glacier,  and  Ripon  about  the  same  distance  farther  to  the  northeast. 
On  Applegate's  map  both  of  these  glaciers  seem  to  reach  tidewater,  but  the  author  of 
the  map  did  not  go  near  enough  to  them  for  us  to  feel  certain  that  this  is  correct.  In 
1909  and  1910,  each  of  the  glaciers  terminated  150  to  200  feet  from  the  fiord. 

Each  of  the  glaciers  is  moderately  crevassed  and  without  moraines.  They  are  both 
deeply  set  in  mountain  valleys,  separated  by  broad  rock  spurs  and  are  fed  from  exten- 
sive mkvi  fields  which  mantle  the  whole  mountain  slope.  Their  surface  slope  is  18^  to 
£0^,  or  about  the  same  as  Marquette  Glacier,  and  not  nearly  so  steep  as  the  slope  of  the 
Beloit  and  Blackstone  Glaciers.  The  n6v6  fields  on  the  slopes  of  Mt.  Applegate,  east 
of  Ripon  Glacier,  mantle  large  areas  and  feed  an  unnamed  glacier  lobe  in  the  next  valley 
to  the  northeast,  as  well  as  a  number  of  other  small  lobes. 

In  1910  portions  of  the  terminus  of  Lawrence  Glacier  were  so  near  the  water's  edge 
that  ice  fragments  were  sliding  down  the  bare  rock  slope  into  the  bay,  so  that  this  glacier 
was  discharging  small  icebergs  without  being  a  tidal  glacier.  A  small,  but  clear-cut, 
stony,  push  moraine,  forming  the  boundary  of  a  moderate-sized  barren  zone  between 
the  moraine  and  the  ice,  extended  around  parts  of  the  terminus  of  Lawrence 
Glacier,  excepting  in  the  middle  where  the  ice  fragments  were  discharged.  Within 
this  barren  zone  there  were  only  scattered  young  shrubs,  while  dense,  mature  forest 
grew  outside. 

The  terminus  of  Ripon  Glacier  lies  farther  back  from  the  sea  than  that  of  Lawrence 
Glacier,  ending  on  bare  rock  ledges.    The  nose  of  the  glacier  was  mantled  in  places 
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with  ablation  moraine,  which  gives  part  of  it  a  fictitious  appearance  of  being  lobate. 
A  crescentic  terminal  moraine  marks  the  site  of  a  former  extension  of  the  glacier  and 
inside  of  it  is  a  barren  zone,  the  largest  in  Blackstone  Bay.  It  includes  a  large  area 
of  bare  rock  with  scattered  yoimg  shrubs,  and  outside  of  it  is  the  normal  mature  forest. 

There  is  a  possibility  that  this  glacier  has  had  a  double  history  of  recent  advances, 
for  the  part  of  the  barren  zone  nearest  the  glacier  had  almost  no  vegetation  and  was 
separated  by  a  small,  low  moraine  from  an  outer  portion  which  had  a  great  many  more 
yoimg  shrubs.  The  age  of  this  yoimgest  vegetation  near  Ripon  and  Lawrence  Glaciers 
was  not  determined  carefully,  but  may  be  estimated  as  certainly  less  than  20  years. 

Glaciers  on  the  Western  Side  of  Blackstone  Bay.  The  Northland,  Milton,  Concordia, 
and  Carroll  Glaciers  are  fed  from  nivi  fields  west  of  the  Blackstone  Glacier.  None  of 
them  are  as  large  as  the  glaciers  on  the  eastern  side  of  the  bay,  and  all  excepting  the 
Northland  Glacier  terminate  from  a  quarter  to  a  half  mile  from  the  bay.  Northland 
Glacier  extends  down  nearly  to  the  branch  of  the  bay  west  of  Willard  Island. 

All  of  these  glaciers  are  without  moraines,  and  are  more  or  less  crevassed,  the  Carroll, 
Concordia  and  Milton  Glaciers,  which  are  descending  steeper  slopes  than  the  North- 
land Glacier,  being  most  crevassed.  There  is  not  enough  previous  information  about 
these  glaciers  to  determine  their  recent  history,  although  the  sliding  down  at  fragments 
from  some  of  the  termini,  and  the  absence  of  barren  zones,  suggested  the  possibility  of 
recent  advance. 

Glacicd  Erosion — Erosion  Above  Sea  Level.  Evidence  of  glacial  erosion  in  Blackstone 
Bay  is  found  in  the  form  of  the  fiord  above  sea  level,  and  especially  in  the  steepened 
walls  and  bare  rock  slopes  scored  with  glacial  striae.  Willard  Island  shows  this  glada- 
tion  particularly  well,  having  numerous  typical  roches  moutonn^e  forms,  and  good- 
sized  rock  basins  containing  lakes.  The  northern  wall  of  Blackstone  Bay  at  the  curve, 
eight  miles  north  of  Blackstone  Glacier,  is  far  steeper  than  the  opposite  wall,  suggesting 
glacial  imdercutting  on  the  outer  side  of  this  curve.  There  are  also  hanging  valleys 
illustrated  by  the  valleys  of  Carroll  and  adjacent  glaciers,  and  by  a  valley  on  the  eastern 
side  of  the  fiord  about  three  miles  north  of  Ripon  Glacier.  Its  lip  is  a  few  himdred 
feet  about  sea  level,  and  it  has  no  glacier  at  present. 

Svbmarine  Erosion.  The  portion  of  the  fiord  below  sea  level,  as  revealed  by  sound- 
ings, also  emphasizes  the  great  amoimt  of  glacial  erosion.  The  fiord  bottom  slopes  at 
the  average  rate  of  about  75  feet  to  the  mile,  having  a  depth  of  216  feet  near  the  Black- 
stone and  Beloit  Glaciers,  and  1080  feet  where  Blackstone  Bay  enters  Passage  Canal 
11^  miles  distant.  Half  way  down  the  fiord,  however,  there  is  a  deeper  point  (1188 
feet);  and  there  is  a  steep  descent  of  over  500  feet,  2^  miles  from  the  head,  besides 
other  interruptions  of  slope,  described  below.  The  visibly  steepened  slopes  of  the  side 
walls  of  the  fiord  seem  to  continue  below  sea  level,  suggesting  that  it  has  the  normal 
relatively  flat-bottomed  cross  section. 

The  slope  of  the  bottom  of  this  fiord  from  Beloit  Glacier  to  the  southern  end  of  Willard 
Island  is  at  the  rate  of  about  100  feet  to  the  mile.  Then  comes  a  conspicuous  increase 
in  the  slope  with  a  descent  of  462  to  522  feet  in  less  than  three-quarters  of  a  mile,  or  at 
the  rate  of  over  650  feet  to  the  mile.  Such  a  confluence  step  in  the  fiord  bottom  is  a 
feature  often  observed  in  glaciated  moimtain  valleys  and  the  same  condition  exists 
above  sea  level  at  the  southern  end  of  Blackstone  Bay  where  Blackstone  and  Beloit 
Glaciers  descend  a  similar  step  of  even  greater  height.    A  possible  explanation  of  this 


858  ALASKAN  GLACIER  STUDIES 

step  is  found  in  the  relationship  of  the  channels  on  the  east  and  west  sides  of  Wil- 
lard  Island.  It  is  possible  that  when  the  glaciers  from  either  side  of  Willard  Island 
united,  the  combined  ice  tongue  had  such  increased  power  as  to  enable  it  to  erode 
more  deeply  beyond  the  end  of  the  island.  Northward  to  the  mouth  of  Blackstone 
Bay  the  fiord  bottom  slope  averages  80  to  85  feet  to  the  mile. 

The  channel  bottom  between  Badger  Point  and  the  southern  end  of  Willard  Island 
is  basin  shaped,  with  only  00  feet  of  water  at  the  northern  margin  and  126  feet  in  the 
center.  This  may  be  a  rock  basin  due  to  glacial  erosion.  There  may  also  be  a  rock 
basin  southwest  of  the  point  where  there  is  a  depth  of  986  feet,  in  Blackstone  Bay, 
near  the  turn  just  west  of  the  cove  of  Tebenkof  Glacier.  The  increased  depths  in  the 
fiord  north  of  Tebenkof  Glacier  may  be  due  to  increased  glacial  erosion  resulting  from 
the  imion  of  this  glacier  with  the  Blackstone  Bay  ice  tongue. 

The  relationship  of  the  Tebenkof  Glacier  cove  to  Blackstone  Bay  is  that  of  a  sub- 
merged hanging  valley,  the  lip  of  the  hanging  valley  at  the  bottom  of  the  cove  being 
at  least  700  feet  above  the  floor  of  Blackstone  Bay. 

Glacial  Deposits — Above  Sea  Level,  As  is  the  case  in  the  other  fiords  of  the  Prince 
William  Sound  region,  glacial  deposits  above  sea  level  are  relatively  unimportant. 
The  largest  accumulation  of  this  kind  is  the  terminal  moraine  and  outwash  plain  near 
the  terminus  of  Tebenkof  Glacier,  already  mentioned.  There  are  also  minute  terminal 
moraine  deposits  aroimd  the  borders  of  the  Ripon  and  Lawrence  Glaciers,  and  there  is 
a  thin  mantle  of  ground  moraine  on  the  fiord  walls,  where  not  too  steep,  and  on  parts 
ci  Willard  Island. 

Moraine  Bar  at  Willard  Island.  The  only  other  morainic  accumulation  in  the  bay 
is  of  considerable  interest.  It  was  sketched  by  Grant  and  Higgins  in  1909,  who 
referred  to  it  as  ''modified  remains  of  two  recessional  moraines.''  This  partly-sub- 
merged terminal  moraine,  or  moraine  bar,  nearly  joins  Willard  Island  with  the  mainland 
on  the  east  (Fig.  5S).  It  projects  over  three-eighths  of  a  mile  southeastward  from 
Willard  Island,  extending  more  than  half  way  across  the  fiord;  further  east  is  allow, 
islet;  and  then  comes  a  point  which  projects  a  quarter  of  a  mile  from  the  main  and 
At  low  tide  nearly  the  whole  of  the  moraine  bar  is  exposed,  there  being  only  two  nar- 
row channels  across  it,  the  easternmost  only  a  few  feet  deep,  the  westernmost,  24  feet 
deep  at  about  mid-tide.  As  the  submerged  contours  show,  the  fiord  bottom  here  rises 
about  474  feet  above  the  bottom  of  the  bay  immediately  to  the  north  and  210  to  288 
feet  above  the  bed  of  the  fiord  to  the  south.  The  northern  face  of  the  moraine,  there- 
fore, slopes  at  the  rate  of  1900  feet  to  the  mile,  while  southward  toward  the  glacier, 
the  slope  is  only  1120  feet  per  mile. 

Some  beach  sand  is  found  on  portions  of  this  moraine  and  on  those  parts  of  the  bar 
that  rise  entirely  above  high  tide  trees  and  grass  are  growing.  That  this  bar  b  not  a 
mere  sand  spit  is  shown  conclusively  by  the  character  of  the  foundation  material  which 
is  especially  well  exposed  on  the  portions  uncovered  at  low  tide.  It  consists  of  angular 
bowlders  up  to  6  feet  in  diameter,  some  of  them  striated,  which  could  have  reached 
their  present  position  only  in  the  glacier,  being  too  large  and  too  numerous  for  an  ice- 
berg deposit  with  sea  level  as  at  present.  The  till  at  the  surface  of  this  terminal  moraine 
has  largely  been  washed  away  by  the  tidal  currents,  which  at  high  tide  sweep  strongly 
across  the  submerged  parts  of  the  bar. 

It  is  clear  that  a  moraine  exists  here  on  the  surface.    Whether  it  is  (1)  a  thick  till 
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deposit, — a  morune  ruing  210  to  474  feet  above  the  fiord  bottom  and  all  submerged 
excepting  the  tap, — or  (2)  a  thin  superficial  deposit,  resting  upon  a  rock  swell,  cannot 
be  determined  from  the  facta  at  hand.    The  lack  of  thick  corresponding  deposits  upon 
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Willard  Island  and  in  the  fiord  to  the  west  of  the  island  suggest  the  latter.  The  broad- 
ening of  the  eastern  passage  just  here  also  accords  with  this  view,  for  glacial  erosion 
would  naturally  be  efficient  in  the  constriction  to  the  south  (462  to  468  feet  deep),  and 
the  incoming  of  the  steeply-descending  Ripon  Glacier  might  have  caused  a  plunging 
of  the  ice  and  an  increased  efficiency  of  erosion  to  the  north  where  the  depths  are  474 
to  9S6  feet. 
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On  the  other  hand,  the  Ripon  Glacier  b  not  in  exactly  the  right  position  for  this, 
and  the  narrowness  of  the  shoal  area  is  difficult  to  explain  by  glacial  erosion  and  easy 
to  understand  if  the  whole  deposit  is  a  submerged  moraine.  The  coincidence  of  a  halt 
of  the  glacier  exactly  on  an  uneroded  rock  swell  is  also  difficult  to  explain,  if  the  moraine 
is  thought  of  as  resting  so  precisely  on  an  irregularity  in  rock.  There  is  no  special 
rock  texture  or  structure  to  help  explain  thb  phenomenon,  if  mainly  a  rock  feature. 
The  geological  map  by  Grant  and  Higgins  ^  indicates  that  Willard  Island  and  the  whole 
shore  line  of  Blackstone  Bay  are  made  up  of  graywacke  and  slate  and  small  dikes  with 
no  observed  peculiarities,  such  as  would  fit  in  with  the  idea  of  differential  erosion  due 
to  the  nature  of  the  rock.  On  the  whole,  therefore,  we  believe  that  the  facts  point 
toward  a  moraine  bar  here,  rather  than  a  narrow  upward  swell  in  the  bedrock  floor 
of  the  fiord. 

RdaHonships  of  Forest  to  Stages  of  GUxciation,  As  noted  by  Grant  and  Higgins,  the 
southern  six-sevenths  of  Willard  Island  constitutes  a  relatively  barren  zone,  though 
not  one  of  the  extremely  young  barren  zones  like  those  near  Ripon  and  Lawrence  Gla- 
ciers, or  the  ones  near  Bany  and  other  glaciers  in  Harriman  Fiord,  for  within  it  there 
are  a  few  trees  up  to  10  or  12  inches  in  diameter.  Throughout  this  somewhat  over- 
grown barren  zone,  there  is  a  scattered  growth  of  evergreen  trees  and  many  alder  thick- 
ets, but  the  larger  part  of  the  area  has  no  trees,  though  in  the  open  spaces  thickly  covered 
with  grasses,  moss,  and  peat.  On  the  north  it  terminates  along  a  definite  line  (marked 
as  the  limit  of  the  barren  zone,  b.  Fig.  53),  extending  westward  across  Willard  Island 
from  the  base  of  the  morainic  bar.  North  of  this  line  there  is  thick,  mature  forest,  and  it 
therefore  seems  clear  that  an  advance  of  the  former  glacier  of  Blackstone  Bay  extended 
down  to  this  line  some  scores  of  years  and  possibly  over  a  century  ago.  The  fact  that 
the  edge  of  this  barren  zone  continues  the  line  of  the  moraine  bar  just  described,  sug- 
gests the  association  of  the  moraine  with  this  adVance.  It  is  to  be  noted,  however, 
that  we  found  no  similar  moraine  at  the  western  end  of  this  zone,  in  the  channel  west 
of  Willard  Island;  though  the  fact  that  our  soundings  there  were  a  quarter  of  a  mile 
apart,  makes  it  possible  that  there  is  a  narrow  submerged  moraine  which  we  did  not 
discover. 

All  about  lower  Tebenkof  Glacier  and  throughout  the  northern  end  of  Blackstone 
Bay,  there  is  thick,  mature  spruce  forest  extending  from  timber  line  to  sea  level.  The 
forest  ends  about  a  mile  north  of  Carroll  Glacier  on  the  western  side  of  the  bay  and 
at  Ripon  Glacier  on  the  eastern  side;  but  there  is  scattered  vegetation  beyond  this. 
Badger  Point,  for  example,  has  scattered  trees  and  thick  groves  with  individuals  ap- 
parently as  old  as  those  on  the  southern  part  of  Willard  Island;  and  at  moderate  heights 
above  sea  level  there  are  a  few  clumps  of  good-sized  spruces  even  on  the  mountain 
spur  between  Beloit  and  Blackstone  Glaciers.  The  trees  nearest  the  glaciers,  as  on 
Badger  Point  and  between  Beloit  and  Blackstone  Glaciers  and  near  Tebenkof  Glacier, 
are  tall  and  well  formed,  but  some  of  the  trees  in  the  southern  part  of  Willard  Island 
are  much  stunted,  very  thick  in  proportion  to  height,  and  with  limbs  only  on  the  north- 
em  side,  showing  that  in  exposed  places  the  glacier  wind,  here  from  the  south,  has  re- 
tarded tree  development.  Even  with  the  limitations,  resembling  the  conditions  in 
southern  Harriman  Fiord,  which  of  course  lengthen  the  time  since  great  glacial  expan- 
sion, the  abrupt  limit  of  mature,  thick  forest  on  Willard  Island,  coinciding,  as  it  does, 

I  Bull.  448,  U.  S.  Geol.  Surv^,  1010,  Fl.  11. 


GLACIERS  OF  PASSAGE  CANAL  AND  BLACKSTONE  BAY         261 

with  the  position  and  trend  of  the  terminal  moraine  to  the  east  of  this  island,  has  been 
regarded,  both  by  Grant  and  Higgins  and  by  the  junior  author,  not  as  a  feature  related 
either  to  climate  or  soil,  but  as  clear  proof  of  a  maximum  of  the  Blackstone,  Beloit» 
and  adjacent  glaciers  a  century  or  two  ago.  Whether  this  followed  a  long  period  of 
glacial  retreat  during  which  the  thick  forest  advanced  to  the  very  head  of  Blackstone 
Bay  is  unknown.  This  maximum  may  have  been  as  recently  as  116  years  ago,  for  Whid- 
bey's  map  made  in  1794  shows  Blackstone  Bay  much  shorter  (*'two  leagues  and  a  half " 
in  length)  than  in  1910,  though  it  is  not  detailed  enough  for  us  to  be  sure  of  the  condi- 
tions; and,  as  usual  in  Vancouver's  maps,  no  glaciers  are  shown.  Willard  Island  is 
not  indicated  at  all  in  the  1794  map. 

The  barren  zones  around  the  termini  of  Tebenkof,  Ripon,  Lawrence  and  other  gla- 
ciers (bb.  Fig.  53),  with  their  youthful  shrubs,  attest  to  a  more  recent  period  of  gla- 
cial change.  As  already  pointed  out,  this  was  double  in  the  case  of  Tebenkof  Glacier, 
whose  terminal  moraines  have  shrubs  1£  and  18  years  old  respectively,  and  perhaps 
double  in  the  case  of  Ripon  Glacier,  in  whose  barren  zone  there  appear  to  be  moraines 
and  shrubs  of  two  ages. 

Passage  Canal 

General  Deecription.  Passage  Canal,  as  shown  in  Fig.  51,  is  an  irregular  fiord  from 
which  Port  Wells,  Blackstone  Bay,  and  other  branches  extend.  The  outer  portion  from 
the  entrance  of  Blackstone  Bay  and  Port  Wells  eastward  to  Prince  William  Sound 
has  no  ice  tongues  whatsoever;  but,  as  we  have  seen,  there  are  numerous  glaciers  in 
the  fiords  that  branch  from  it.  The  inner  extension  of  Passage  Canal,  called  Portage 
Bay  (Fig.  51),  also  has  ice  tongues,  the  most  conspicuous  being  two  good-sized  gla- 
ciers on  the  northern  side,  and  a  group  of  three  around  the  western  end  (Fig.  54). 
Since  none  of  these  reach  tidewater.  Portage  Bay  is  free  from  icebergs,  excepting  as 
they  occasionally  float  in  from  Blackstone  Bay  or  Port  Wells. 

Seth  Glacier.  This  glacier,  which  is  fed  from  the  snowfield  area  from  which  Pigot 
Glacier  flows  eastward  toward  Port  Wells,  extends  southward  with  a  length  of  about 
1^  miles  and  a  width  of  \  mile,  terminating  a  little  over  a  mile  north  of  a  large 
cove  on  the  northern  side  of  Passage  Canal.  The  glacier  surface  is  clean,  with  one 
medial  moraine  near  the  western  side,  and  from  the  fiord  seems  to  be  little  crevassed. 
Its  condition  previous  to  1909,  when  Grant  and  Higgins  mapped  it  from  a  dis- 
tance, and  1910,  when  we  saw  it,  is  not  known  in  sufficient  detail  to  describe  its  recent 
history. 

NevS'Sheathed  Mountain  Slopes.  A  large  cirque  east  of  Seth  Glacier,  and  between 
400  and  500  feet  above  sea  level,  contains  an  ice  mass;  and  parts  of  the  mountain  slope 
between  this  cirque  and  Seth  Glacier  contain  large  nivi  fields  which  mantle  the  moun- 
tain slope,  making  a  type  of  glacier  similar  to  the  thin  sheath  of  ice  on  the  slopes  around 
the  Harriman  Glacier,  and  between  glaciers  around  the  head  of  Blackstone  Bay.  A 
similar  nev6  mass  east  of  Port  Wells,  and  just  north  of  Esther  Passage,  has  been  given 
the  descriptive  name  of  Cap  Glacier  by  Grant. 

Billings  Glacier — The  Ice  Tongue.  This  is  the  largest  ice  tongue  in  Passage  Canal» 
having  a  length  of  over  four  miles  and  a  width  of  about  a  mile.  It  is  fed  from  snow* 
fields  adjacent  to  those  that  supply  Seth  Glacier  on  the  east  and  Harriman  Glacier 
on  the  north  and  terminates  between  1  and  1^  miles  from  the  fiord. 
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Billings  Glacier  is  fairiy  dean,  with  no  moraines  of  any  size.  Its  lower  end  has  a 
veiy  moderate  slope,  and  its  front  has  apparently  been  in  about  the  same  position 
and  condition  in  1887,  when  it  was  first  shown  on  a  map  by  Applegate,  in  1898,  when 
some  of  the  army  officers  of  Glenn's  party  spoke  of  it  as  a  "dead  glacier,*'  in  1909  when 
it  was  sketched  by  Grant  and  Higgins,  and  in  1910,  when  it  was  seen  from  the  fiord 
by  the  National  Geographic  Society's  expedition.  No  one  seems  to  have  gone  near 
enough  the  glacier  to  study  it  in  detail. 

The  Valley  Train.  The  largest  stream  from  Billings  Glacier,  Cabin  Creek,  flows 
southwest  and  south  from  the  terminus  of  the  glacier  over  an  outwash  gravel  plain 
or  valley  train,  receiving  the  stream  from  a  small  unnamed  glacier  on  the  west,  and 
entering  the  fiord  over  a  large  delta,  which  has  been  built  forward  nearly  a  quarter 
of  a  mile  into  Passage  Canal.  The  larger  part  of  the  outwash  plain  and  delta  is  over- 
grown with  wiUows,  alders,  and  cottonwoods,  showing  not  only  that  the  glacier  has 
not  extended  down  to  the  fiord  for  many  years,  but  that  its  melting  does  not  supply 
as  much  water  and  detritus  as  formerly  and  that  the  building  of  the  outwash  of  the 
valley  train  is  now  going  on  slowly;  otherwise  the  streams  would  shift  back  and  forth 
over  the  valley  bottom  and  destroy  the  vegetation. 

A  Margined  Gorge.  Another  glacier  stream  from  Billings  Glacier  enters  the  fiord  a 
short  distance  to  the  northeast  (g.  Fig.  54)  and  is  of  special  interest  because  between 
the  glacier  and  the  fiord  it  flows  through  a  narrow,  steep-sided  rock  gorge  similar  to 
but  deeper  than  the  abandoned  gorges  on  the  northern  side  of  Toboggan  Glacier.  The 
gorge  has  been  cut  so  nearly  down  to  sea  level  that,  through  it,  glimpses  of  the  glacier 
surface  may  be  had  from  the  fiord.  The  stream  seems  to  have  established  this  course 
at  a  time  of  greater  expansion  of  Billings  Glacier  when  the  ice  was  several  hundred 
feet  thicker  than  now,  and  extended  high  enough  for  a  marginal  stream  to  establish 
the  present  channel  across  the  rock  spur  into  which  it  is  deeply  incised.  The  glader 
must  have  long  remained  in  this  more  expanded  condition  to  have  permitted  this 
gorge  to  be  cut  so  nearly  down  to  sea  level  that  it  is  still  occupied  by  a  stream, 
although  the  ice  tongue  long  ago  retreated  far  enough  to  render  this  channel  unnec- 
essary. It  is  possible  that  this  expanded  stage  occurred  at  the  time  when  the 
glacier  at  the  head  of  Passage  Canal  extended  eastward,  receiving  Billings  Glacier 
as  a  tributary,  so  that  the  broad  valley  now  occupied  by  the  main  stream  on  the 
outwash  gravel  plain  was  entirely  filled  with  ice,  necessitating  the  cutting  of  this  mar- 
ginal channel. 

Glaciers  ai  the  Head  of  Passage  Canal — Portage  Glacier  Pass.  There  are  three 
ice  tongues  at  the  western  end  of  Passage  Canal,  of  which  the  middle  one.  Portage 
Glacier,  is  the  largest.  It  is  of  particular  interest  because  it  occupies  a  low  pass 
across  the  Kenai  Mountains  which  was  habitually  crossed  by  the  Alaskan  natives 
and  by  the  Russians  previous  to  the  explorations  of  Vancouver  and  Whidbey  in 
1794,  and  probably  later.  The  glacier  now  fills  this  pass  but  it  has,  neverthe- 
less, been  used  as  a  highway  by  a  number  of  United  States  army  parties,  and 
in  1898  by  many  prospectors.  Their  route,  described  by  Mendenhall,  led  three  quar- 
ters of  a  mile  over  an  outwash  gravel  plain  to  the  glacier,  up  Portage  Glacier  to  the 
divide,  and  down  the  connecting  through  glacier  on  the  western  side,  to  an  outwash 
gravel  plain  at  a  distance  of  about  eight  miles  from  the  head  of  Tumagain  Arm,  a 
branch  of  Cook  Inlet.    The  total  length  of  this  portage  route  is  between  12  and  IS 
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miles,^  though  the  isthmus  is  only  10|  miles  wide  in  a  straight  line.  Davidson  has 
proposed  that  this  be  called  Whidb^  Isthmus.* 

There  is  also  a  difficult,  roundabout,  non-glacial  route  from  the  delta  of  Cabin  Creek, 
on  Passage  Canal,  through  a  series  of  valleys  to  the  north  of  Portage  Glacier  to  Cook 
Inlet.  This  route  was  traversed  by  army  parties  in  1898  and  1899.  Along  it  there 
are  several  small  ice  tongues,  shown  on  maps  by  Kelly  and  Herron,  but  not  otherwise 
described. 

Portage  Glacier.  Portage  Glacier,  as  described  by  Petroff,  Mendenhall,  Leamard, 
and  Castner,  is  fed  from  snowfields  that  lie  to  the  north  and  south  of  the  pass.  There 
are  three  tributaries  from  the  southern  side  and  one  or  two  from  the  northern,  which 
unite  to  form  an  east-west  trending  glacier  between  4  and  5  miles  long,  }  to  ^  mile 
wide,  and  with  the  part  flowing  westward  toward  Tumagain  Arm  much  the  longer. 
The  divide  in  this  saddle-like  glacier  b  about  a  mile  from  the  eastern  terminus  at  an 
elevation  of  between  1000  and  1100  feet,  and  both  divisions  of  the  glacier  slope  mod- 
erately, excepting  at  the  divide,  which  has  a  steep  slope  on  the  eastern  side.  Each 
terminus  lies  almost  at  sea  level,  though  some  distance  back  from  it. 

Portage  Glacier  is  best  shown  upon  the  army  officer's  1898  map  and  upon  the  map 
made  in  1909  by  Grant  and  Higgins  (Fig.  51).  It  is  also  shown,  less  in  detail,  on  the 
1898  map  published  by  Mendenhall  and  copied  on  Hamilton's  map,*  and  on  a  second 
U.  S.  Greological  Survey  map  *  where  the  eastern  terminus  of  Portage  Glacier  is  shown 
incorrectly  as  a  tidal  glacier  ending  in  Passage  Canal.  This  error  has  also  been  followed 
in  a  Coast  Survey  chart. 

Advance  of  Portage  Glacier.  When  Lieutenant  Whidbey  arrived  at  the  head  of  Pas- 
sage Canal  on  June  7,  1794,  Vancouver  states  that  he  found  that  he  ''had  approached 
within  twelve  miles  in  a  direction  S.  60  W.  of  the  spot  where  •  •  .  (he)  had  ended  his 
examination  of  Tumagain  Arm.  The  intermediate  space  was  an  isthmus  so  frequently 
alluded  to  before,  on  either  side  of  which  the  country  was  composed  of  what  appeared 
to  be  lofty,  barren,  impassable  mountains,  enveloped  in  perpetual  snow;  but  the  isth- 
mus itself  was  a  valley  ci  some  breadth,  which,  though  it  contained  elevated  land, 
was  veiy  free  from  snow,  and  appeared  to  be  perfectly  ea^  of  access;  a  little  to  the 
eastward  of  this  valley,  a  rapid  stream  of  fresh  water  *  rushed  down  a  gully  in  the  lofty 
mountains,  and  foimd  its  way  to  the  sea  through  a  margin  of  low  land  extending  from 
the  base  of  the  mountains,  and  producing  pine  trees,  cranberries  and  a  few  other  shrubs. 
On  the  western  point  ci  entrance  into  this  brook  was  a  small  house.     .     .     • 

This  house  and  the  general  appearance  of  the  country  removed  every  doubt  (rf  their 
situation  being  then  on  the  eastern  side  of  that  pass,  by  which  the  Russians  maintain 
a  conmiunication  between  their  settlements  in  these  two  extensive  inlets.  Mr.  Whid- 
bey,  however,  for  his  further  satisfaction,  was  very  desirous  of  finding  the  road  or  path 
by  which  the  intercourse  was  carried  on;  and  although  he  was  unsuccessful  in  ascer- 
taining this,  yet  it  did  not  appear  to  him  that  any  particular  track  was  necessary,  as 

>TaiT,  R.  S.  and  Martin,  Lawrence,  Annals  Aaaoc.  Amer.  Geographers,  Vol.  11,  1012,  pp.  88-89  and 
Fig.  1  on  p.  27. 
•  Davidson,  George,  Op.  dt.,  p.  24. 
« Fl.  n  in  Bull.  277,  U.  S.  Geol.  Survey,  1900. 

« Fl.  I  in  Bull.  827,  U.  S.  Geol.  Surv^,  1907;  see  also  Coast  and  Geod.  Surv^,  Chart  8550,  1909. 
Credc,  the  largest  stream  from  Billings  Glader. 
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the  valley  has  a  tolerably  even  surface,  and  was  nearly  destitute  of  any  vegetable 
productions,  and  was  equally  passable  in  all  directions.  Its  situation  and  character 
corresponded  also  with  the  description  of  it  given  by  the  Russians,  and  Mr.  Whidbey's 
mensuration  agreed  nearly  with  the  distance  across  as  stated  by  them,  namely,  about 
sixteen  versts." 

Before  1880  when  Petroff  made  journeys  in  this  part  of  Alaska  while  taking  the  census,, 
and  1887  when  Applegate  visited  the  head  of  Passage  Canal,  the  Portage  Glacier  had 
apparently  advanced  and  occupied  Whidbey's  "valley  of  some  breadth,"  which  con- 
tained "elevated  land,"  and  was  "very  free  from  snow  and  appeared  to  be  perfectly 
easy  of  access,"  leaving  a  "tolerably  even  surface,"  "nearly  destitute  of  any  vegetable 
productions,"  and  "equally  passable  in  all  directions."  Petroff 's  description  indicates 
that  a  great  glacial  advance  had  taken  place,  for  he  states  that  a  "glacial  formation 
forms  the  portage  route  between  Chugatch  bay  ^  and  Cook's  Inlet";  and  he  shows 
the  glacier  on  his  map  of  1880,  much  as  at  present.  Applegate's  map,  based  upon  a 
close  observation  from  hb  schooner  in  June,  1887,  has  the  Portage  Glacier  joining  the 
one  from  the  north  and  ending  on  the  land  just  west  of  the  head  of  Passage  Canal. 

Although  admitting  a  reasonable  doubt  that  Whidbey  may  not  have  known  a  vall^ 
glacier  when  he  saw  one,  we  feel  rather  certain  that  a  great  advance  had  taken  place. 
It  is  clear  that  the  portage  route  used  by  the  natives  and  the  Russians  ^as  not  the 
non-glacial  route  traversed  by  army  parties  in  1898  and  1809,  although  this  starts^ 
from  near  the  Russian  house  at  the  mouth  of  Cabin  Creek  on  the  delta  of  the  stream 
from  Billings  Glacier.    This  seems  certain  because  (a)  this  route  is  too  long,  and  (b) 
within  1^  miles  of  Cabin  Creek  it  goes  over  a  3000-foot,  snow-covered  pass.     Such 
a  route  could  not  have  been  traversed  habitually  by  the  natives,  taking  their  canoes 
with  them;   and  that  this  was  the  case  at  the  time  of  Whidbey's  exploration,  is  indi- 
cated by  Vancouver's  statement  that  in  1794  Lieutenant  Johnstone  encoimtered  some 
strange  natives  in  eastern  Prince  William  Sound  and  "clearly  understood  that  the 
strangers  had  come  immediately  from  Groosgincloose,  or  Cook's  Inlet,  and  that  they  ^ 
toiih  their  canoesy  had  crossed  the  isthmus  overland  thai  separates  this  sound  from  Turn" 
again  Arm.** 

Neither  does  it  seem  probable  that  the  natives  carried  canoes  over  the  Portage  Gla- 
cier as  at  present,  for  it  ascends  so  steeply  east  of  the  divide  that  in  1898  the  prospectors 
had  to  use  ropes  and  pulleys  in  drawing  their  sleds  up  over  the  last  ascent.  Moreover, 
Alaskan  natives  are  notoriously  timid  about  trusting  themselves  on  glaciers.  None 
of  Vancouver's  maps  show  glaciers,  even  where  they  existed,  but  they  are  usually  men- 
tioned, so  that  we  feel  quite  confident  that  in  1794  there  was  no  Portage  Glacier  of 
anything  like  the  present  dimensions.  Judging  by  his  other  descriptions,  Whidbey 
would  not  have  described,  in  the  language  quoted,  a  valley  that  contained  a  glacier 
with  an  ascent  in  the  first  mile  to  over  1000  feet,  and  with  the  terminus  only  three- 
quarters  of  a  mile  from  the  coast  where  he  stood. 

It  therefore  appears  probable  that  before  1794  the  through  valley  in  which  Portage 
Glacier  now  lies  was  free  from  glacier  ice,  though  the  tributary  glaciers  doubtless  ex- 
isted as  separate  ice  tongues.  If  this  interpretation  of  the  discrepancy  between  present 
conditions  and  earlier  descriptions  is  correct,  there  has  occurred  here  between  1794 

>  An  old  name  for  Prinoe  William  Soimd. 
*  The  italics  are  Vanoouver's. 
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and  1S80  an  advance  of  from  one  to  three  miles,  by  the  forward  movement  and  union 
of  the  two  side  glaciers,  thus  filling  the  pass  with  a  double-ended  through  glacier. 

Stagnaiion  in  Recent  Yeart.  We  have  no  evidence  of  changes  in  Portage  Glacier 
between  1880  and  1887,  nor  between  1887  and  1898.  From  1898  to  1909.  when  the 
eastern  end  c^  the  glacier  was  mapped  and  briefly  described  by  Grant  and  Higgina, 
there  was  little  change  (Fig-  fil).  and  between  1909  and  1910  there  was  no  noticeable 
change.  In  the  latter  year,  the  glacier  surface  had  little  mormnic  debris  and  there 
were  no  conspicuous  moraines.  As  seems  to  have  been  the  case  throughout  its  recent 
history,  the  ice  at  the  time  of  our  visit  was  only  moderately  crevassed.  We  observed 
no  barren  zone  around  the  glacier  borders,  and  mature  trees  on  parts  of  the  outwash 


Via.  M.  Map  Saownra  InmB  P(«noN  of  Pasbaoe  Canal  (Fobtaoe  Bat)  wm  SouNDnoa  BftAoi  n  1910. 

(Outline  of  coast  and  gUcien  after  Grant  and 


gravel  plain,  between  the  glacier  and  the  head  of  Passage  Canal,  show  that  it  could  not 
have  reached  tidewater  at  any  time  in  its  recent  history. 

Leamard  GUuner.  Leamard  Glacier,'  a  smaller  ice  tongue  north  of  Portage  Glacier, 
terminates  within  a  quarter  oi  a  mile  of  the  fiord  (Fig.  54),  to  which  it  sends  a  stream 
over  the  outwaah  gravel  pUun  in  front  of  Portage  Glacier.  The  glacier  sl<^>es  with  a 
very  low  grade  and  ends  in  the  mouth  of  a  deep,  narrow  valley.  It  is  considerably 
encumbered  with  mor«mc  debris,  so  that  its  terminus  is  dark. 

Detached  Ice  Moat,  Between  the  terminus  of  the  glacier  and  the  head  of  the  fiord 
is  a  large,  irregular-shaped  hill,  which  from  a  distance  looks  like  a  mine  dump,  but 
which  is  really  a  detached  mass  of  ice  covered  over  with  angular  ablation  moraine, 
including  much  black  slate.    This  debris  has  retarded  melting  during  the  period  since 

<  Named  in  1*10  for  lienL  H.  G.  Leananl. 


866  ALASKAN  GLACIER  STUDIES 

the  ice  mass  was  separated  from  the  main  glacier.  The  size  of  the  trees  between  Leamard 
and  Portage  Glaciers  preclude  the  possibility  that  this  detached  ice  remnant  was  sup- 
plied by  Portage  Glacier. 

The  Leamard  Glacier  has  continued  to  melt  back  for  the  last  twelve  years,  for  while 
in  1909  the  terminus  was  dark  with  d6bris,  ,in  1898  it  was  white  ice.  The  detached  ice 
mass,  however,  has  changed  very  Uttle  since  1898,  for  Mendenhall  and  Glenn  de- 
scribed it  vividly,  in  language  which  in  all  essential  respects  depicts  the  1910  conditions. 
Yet  that  it  is  slowly  wasting  away  is  proved  by  its  irregular  surface,  due  to  slumping 
and  by  the  almost  complete  absence  of  vegetation  on  its  surface.  To  show  the  condi- 
tions in  1898,  we  give  Mendenhall's  description,  then  that  of  Glenn,  which  furnishes 
a  few  additional  items. 

'*This  little  glacier  illustrates  very  well  the  rapidity  of  the  ice  retreat  and  shows  us 
the  processes  whose  results  only  remain  in  portions  of  the  New  England  landscape. 
One  quarter  of  a  mile  out  from  its  present  terminus  is  a  hillock  220  feet  high  and  half 
a  mile  long,  with  its  longer  axis  parallel  with  the  glacier  front.  It  is  now  separated 
from  this  latter  by  an  open  valley  paved  with  bowlders.  At  first  sight  this  elevation 
was  supposed  to  be  a  simple  terminal  moraine,  but  upon  examination  it  proved  to  con- 
sist mostly  of  ice  deeply  covered  with  angular  debris,  which  is  also  disseminated  throu^ 
it.  This  remnant  of  the  glacier  seems  to  stand  near  a  position  which  the  ice  front  occu- 
pied long  enough  to  become  covered  by  a  sufiBciently  thick  mantle  of  protective  d6bri5» 
so  that  melting  was  not  so  rapid  as  in  the  less  well-protected  part  of  the  glacier  just 
back  of  the  front.  The  separation  from  the  glacier  was  probably  facilitated  by  the 
exit  of  the  subglacial  stream  through  a  timnel  back  of  the  protecting  mantle.  The 
combined  melting  from  above  and  below  soon  removed  this  neck,  leaving  the  former 
front  isolated  as  it  stands  today.  Since  its  isolation  it  has  been  shrinking  each  summer^ 
and  now  occupies  less  than  half  of  its  original  area.  Around  its  seaward  side  is  a  belt 
of  rough  ground  of  slight  relief  covered  with  angular  and  unsorted  material,  which 
has  been  let  down  into  position  by  the  melting  of  the  ice  front.  The  outer  rim  of  this 
zone  is  somewhat  higher  than  the  inner  portion,  giving  it  the  form  of  a  shallow  amphi- 
theater facing  the  remnant  of  the  glacier  which  remains.  The  stabiUty  of  the  position 
of  maximum  advance  for  a  short  time  due  to  the  balance  between  flow  and  melting 
at  the  front  accounts  for  the  slightly  greater  accumulation  there  and  the  building  of 
the  low  rubble  wall. 

These  recent  glacial  details  of  topography  are  the  more  striking  since  they  are  built 
upon  a  smooth  water-laid  deposit  of  relatively  fine  material.  This  delta  is  of  the  type 
which  usually  forms  before  glaciers  in  these  fiords,  and  gives  about  the  only  level  areas 
to  be  found  near  sea  level  in  a  region  of  sharp  topographic  forms.  At  its  outer  margin 
a  short  distance  seaward  from  low-tide  level,  the  delta  slopes  abruptly  to  the  profound 
depths  so  often  found  in  these  inlets." 

Glenn  states  that  in  1898  the  stagnant  ice  block  consisted  of  a  "detached  or  isolated 
hill  not  far  from  tide-water,  and  contains  not  to  exceed  2  acres  of  surface  on  its  top. 
It  is  surroimded  at  a  distance  of  from  30  to  50  yards  from  its  base  with  a  pile  of  rocks 
or  bowlders,  which  evidently  marks  its  original  size.  From  this  circle  this  moraine  has 
gradually  receded  for  a  number  of  years,  due  to  the  action  of  the  elements.  Within 
this  circle  of  bowlders  others  have  been  deposited,  but  in  no  regular  order.  The  top 
and  sides  of  this  moraine  are  covered  with  a  collection  of  dirt  and  stones  to  a  depth 
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of  several  feet.  In  the  northeast  comer  there  is  a  circular  opening  that  shows  a  clear» 
blue  ice.  At  the  bottom  of  this  we  discovered  two  caves  running  for  an  unknown  dis- 
tance into  the  ice.    In  front  of  this  opening  snow  has  drifted  to  a  depth  of  30  to  50  feet.'* 

The  preservation  of  such  a  detached  ice  mass  for  a  period  of  over  twelve  years,  as 
a  result  of  the  protection  a£Forded  by  a  thin  cover  of  ablation  moraine,  is  a  matter  of 
considerable  interest. 

A  Cascading  Glader.  The  ice  tongue  east  of  Portage  Glacier  is  a  cascading  glacier, 
heading  in  snowfields  from  which  also  the  southern  tributaries  of  Portage  Glacier  de- 
scend northward,  and  the  Carroll,  Concordia,  and  Milton  Glaciers  of  Blackstone  Bay, 
eastward.  It  descends  part  way  down  the  fiord  wall  and  terminates  several  hundred 
feet  above  sea  level  three  fourths  of  a  mile  from  the  shores  of  Passage  Canal.  Men- 
denhall  described  it  as  a  glacier  which  ''spills  over  the  mountain  rim  2000  feet  above 
tide  in  an  ice  cataract,'*  and  in  1910  it  was  much  the  same.  A  number  of  small  streams 
with  waterfalls  drain  this  cascading  glacier  and  are  still  building  extensive  outwash 
gravel  deposits,  which  end  in  a  projecting  delta  on  the  south  side  of  the  fiord,  near 
its  head.  Around  the  borders  of  this  cascading  glacier,  which  is  clean  and  severely 
crevassed,  is  a  moderate-sized  barren  zone,  showing  that  the  glacier  has  recently  been 
more  extensive  than  at  the  present  time.  There  are  several  small  ice  masses  ending 
high  on  the  mountain  slope  east  of  this  cascading  glacier. 

Glacial  Erosion  in  Passage  Canal — Fiord  Walls,  That  Passage  Canal  has  been  in- 
tensely glaciated  is  proved  by  the  pronounced  glacial  smoothing  and  striation.  The 
northern  wall,  near  the  head,  has  broad,  eastward-descending  rock  benches  (Fl.  CXLIII), 
2000  feet  or  more  above  sea  level,  showing  a  minimum  height  to  which  it  has  been  gla- 
ciated, and  proving  that  the  ice  moved  eastward  in  Passage  Canal.  The  northern 
side  of  the  fiord,  from  Portage  Glacier  to  Blackstone  Bay,  is  much  steeper  than  the 
southern,  which  has  projecting,  untruncated  spurs  and  some  islands,  suggesting  that 
the  main  ice  stream  moved  with  more  power  on  the  northern  side.  There  is  no  essen- 
tial difference  in  the  degree  of  oversteepening  of  the  northern  fiord  wall  to  the  east  and 
west  of  Seth  Glacier  cove,  although  the  walls  in  the  portion  to  the  east  are  granite, 
and  in  the  portion  to  the  west  graywacke  and  slate. 

Cirques  and  Hanging  Valleys,  The  cirque  east  of  Seth  Glacier  is  one  of  several  such 
forms  in  Passage  Canal,  excavated  by  glacial  erosion.  The  cascading  glacier  east  of 
Portage  Glacier,  and  several  others  near  it,  are  in  hanging  valleys.  The  valley  of  Bil- 
lings Glacier  is  apparently  cut  down  to  sea  level  but  may  have  a  discordant  relationship 
to  the  fiord  bottom.  Seth  Glacier  is  in  a  hanging  valley,  in  the  lip  of  which  the  stream 
has  cut  a  deep  rock-walled  gorge. 

Through  Valley,  The  most  conspicuous  work  of  glacial  erosion  above  sea  level  is  in 
the  through  valley  occupied  by  Portage  Glacier  (PL  CXLIV).  This  has  been  cut  well 
down  toward  sea  level,  forming  the  only  low  pass  across  the  Kenai  Mountains,  whose 
other  passes  are  3000  feet  or  more  high,  and  whose  snowfields  and  peaks  rise  to  a 
general  elevation  of  five  or  six  thousand  feet. 

Submarine  Topography  oj  ike  Fiord.  The  fiord  is  576  feet  deep  near  its  head  at  a  point 
within  half  a  mile  of  the  outwash  gravel  plain  of  Portage  Glacier  (Fig.  54),  and  the 
bottom  slopes  at  an  average  rate  of  60  feet  to  the  mile.  It  is  1176  feet  deep  near  the 
entrance  of  Blackstone  Bay,  ten  miles  to  the  east.  Eight  miles  farther  east,  outside 
the  entrance  of  Port  Wells  (Fig.  49),  the  depth  is  1428  feet,  the  bottom  slope  having 
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decreased  to  30  feet  to  the  mile.  The  average  bottom  slope  for  18  miles  is»  therefore, 
concave  upward  and,  like  a  stream  course,  steepest  at  the  head.  The  lines  of  somidings 
across  the  fiord  opposite  the  mouth  of  Blackstone  Bay,  and  east  of  Port  Wells,  show 
that  it  has  a  broad  flat  bottom;  and  the  typical  steep  walls  of  the  visible  portion  of 
the  fiord  are  continued  below  sea  level,  a  depth  of  1170  feet  being  found  a  quarter  mile 
from  the  northern  shore  just  west  of  Pt.  Pigot. 

There  are  two  conspicuous  interruptions  of  the  slope  of  the  fiord  bottom  (Fig.  54), 
one  near  the  delta  of  Billings  Glacier,  where  the  water  is  only  540  feet  deep,  thus  rising 
£16  to  264  feet  above  the  fiord  bottom  on  either  side.  The  other  is  opposite  the  mouth 
of  the  cove  of  Seth  Glacier,  where  the  water  is  only  666  feet  deep,  thus  rising  39£  to 
390  feet  above  the  adjacent  bottom.  These  may  be  either  submerged  moraines  or 
ledges  between  rock  basins  in  the  fiord  bottom,  due  to  glacial  erosion,  and  information 
is  not  available  for  determining  between  these  two  possibilities.  It  is  noteworthy  that, 
as  in  other  fiords  of  Prince  William  Sound,  each  of  these  irregularities  comes  near  where 
the  trunk  glacier  formerly  received  a  tributary. 

In  addition  to  the  visible  hanging  valleys  along  the  fiord  walls  above  sea  level,  there 
are  probably  also  submerged  hanging  valleys.  The  cove  of  Seth  Glacier  on  the  northern 
side  of  the  fiord,  the  cove  southwest  of  it,  on  the  opposite  side  of  the  fiord,  and  a  number 
of  smaller  indentations  are  suspected  to  have  this  relationship,  though  soundings  were 
not  made.  Blackstone  Bay  may  have  a  slightly  discordant  relationship  to  Passage  Canal 
(96  feet),  though  this  is  thought  doubtful,  because  the  combined  Tebenkof  and  Black- 
stone Bay  Glaciers  must  have  nearly  or  quite  equalled  the  former  Passage  Canal  Glacier 
both  in  volume  and  in  erosive  power. 

Sparseness  of  Glacial  Deposits.  There  is  conspicuous  absence  of  glacial  deposits  in 
Passage  Canal.  The  outwash  gravels  of  the  Billings  Glacier  valley  train,  with  the 
large  delta  at  its  terminus,  and  the  outwash  flat  at  the  head  of  the  fiord,  near  Portage 
Glacier,  are  the  only  deposits  of  any  size  above  sea  level,  although  there  is  the  usual 
irregularly  distributed  veneer  of  ground  moraine.  Mention  has  already  been  made  of 
the  540  and  666-foot  submarine  ridges,  which  may  represent  submerged  moraines  due 
to  halts  of  the  southwestward  retreating  ice  tongue  of  Passage  Canal  if  they  are  not 
rock  swells  associated  with  eroded  basins. 

Vegetation,  Mature  forest  at  sea  level  extends  up  to  the  very  head  of  this  fiord, 
and  there  is  no  suggestion  of  recent  glacial  expansion  excepting  the  small  barren  zone 
of  the  cascading  glacier  and  the  detached,  moraine-covered  ice  block  in  front  of  Leamard 
Glacier.  These  are  but  minor  exceptions,  and  the  forest  trees,  which  attain  a  diameter 
of  a  foot  or  two,  show  that  the  general  glaciation  was  centuries  ago. 

Cochrane  Bay 

This  fiord  is  just  east  of  Blackstone  Bay,  and  might  be  considered  a  southward  ex- 
tension of  Port  Wells,  across  Passage  Canal.  It  is  Ij  to  4  miles  wide,  12  miles  long, 
and  its  head  is  within  4  or  5  miles  of  the  Applegate  Arm  of  Port  Nellie  Juan  fiord  to 
the  south.  Glacial  erosion  has  doubtless  given  Cochrane  Bay  much  of  its  present  form 
and  depth,  the  water  being  1428  feet  deep  near  its  mouth  which  joins  Passage  Canal 
with  accordant  grade,  as  does  Port  Wells  to  the  north. 

Whidbey  in  1794  sketched  the  outlines  of  this  bay;  and  Vancouver  speaks  of  it  as 
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''a  bay  about  a  league  and  a  half  wide,  and  about  three  miles  deep  in  a  south  direction^ 
where  it  was  terminated  by  a  similar  boundary  of  ice  and  frozen  snow  as  before  de- 
scribed reaching  from  a  compact  body  of  lofty  frozen  mountains  to  the  water's  edge." 
Grant  and  Higgins  infer  that  this  description  refers  to  either  Tebenkof  or  Blackstone 
Glacier;  but  neither  the  text  nor  the  map  seem  to  us  to  harmonize  with  this  inference. 

None  of  the  later  explorers  described  a  tidal  glacier  in  this  bay  and  it  has  no  tidal 
glaciers  at  present  and  is  free  from  floating  ice.  Three  glacial  streams  flow  into  Coch- 
rane Bay  from  the  western  side:  (1)  a  stream  from  the  eastern  lobe  of  Tebenkof  Glacier; 
(i)  one  from  a  small  glacier  in  the  mountains  between  the  Tebenkof  valley  and  Cochrane 
Bay;  and  (S)  one  from  the  larger  Rainy  Glacier  (Fig.  55),  which  extends  northeastward 
from  the  snowfields  near  the  head  of  Tebenkof  Glacier. 

Near  the  mouth,  at  least,  Cochrane  Bay  has  thick  mature  forest,  but  since  we  did 
not  see  the  conditions  near  the  head,  we  do  not  know  whether  there  is  such  young  vege- 
tation as  to  support  the  theory  of  a  tidal  glacier  having  retreated  southward  more  than 
eight  miles  since  1794.  The  divide  between  Cochrane  Bay  and  Port  Nellie  Juan  is 
said  by  Grant  to  be  less  than  200  feet  high,  making  it  clear  that  when  the  Port  Wells 
and  Passage  Canal  ice  tongues  filled  Cochrane  Bay  with  ice  the  expanded  glacier  spilled 
over  southward  into  the  Port  Nellie  Juan  fiord. 


CuLROss  Passage 

Culross  Passage,  a  narrow,  crooked  channel  east  of  Cochrane  Bay,  extends  southward 
from  Passage  Canal  to  Port  Nellie  Juan.  It  b  nearly  11  miles  long  and  from  a  few 
hundred  feet  to  a  mile  wide.  There  is  a  branch  inlet  £}  miles  long  on  the  western  side. 
Culross  Island,  forming  the  eastern  side  of  Culross  Passage,  rises  to  a  hei^t  of  1  or  2 
thousand  feet,  and  the  mainland  on  the  west  is  even  higher,  but  the  passage  is  not  fioid- 
like,  having  gradually-sloping  walls  in  most  places,  and  in  some  portions  having  very 
low  land  near  its  shores. 

At  one  point,  however,  there  are  moderately  high,  precipitous  cliffs.  About  half  way 
through  the  passage,  the  soundings  show  a  submerged  divide,  with  depths  of  66  to 
78  feet,  contrasting  with  depths  of  342  and  3S6  feet  at  the  northern  and  southern  ends, 
the  former  hanging  1062  feet  above  the  bottom  of  Passage  Canal.  This  is  interpreted 
as  indicating  that  most  of  the  Port  Wells  and  Passage  Canal  ice  moved  eastward  into 
Prince  William  Sound,  while  little  ice  streamed  southward  through  Culross  Passage* 
which  was,  therefore,  not  deepened  much  and  has  many  unconsumed  rock  reefs.  At 
the  time  of  maximum  glaciation,  however,  when  Passage  Canal  and  Port  Nellie  Juan 
were  filled  with  great  glaciers,  this  passage  was  undoubtedly  full  of  moving  ice.  As 
seen  from  either  Passage  Canal,  Culross  Passage,  or  Port  NeUie  Juan,  Culross  Island 
looks  as  if  it  had  been  completely  overridden  and  rounded  at  the  expanded  stage  of 
glaciation. 
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OTHER  GLACIERS  OF  PRINCE  WILLIAM  SOUND 

Geography 

The  remaining  glaciers  of  Prince  William  Sound  are  those  in  (1)  Port  Nellie  Juan» 
(i)  Icy  Bay,  (S)  the  islands  of  southwestern  and  southern  Prince  William  Sound,  and 
(4)  the  fiords  on  its  eastern  side.  Port  Nellie  Juan  and  Icy  Bay  are  fiords  south  of 
Passage  Canal  in  which  terminate  good-sized  glaciers  from  the  snowfields  of  the  Kenai 
Peninsula.  There  are  small  local  glaciers  on  Knight  and  Montague  Islands,  which  are 
respectively  east  and  southeast  of  Icy  Bay.  The  fiords  on  the  eastern  side  of  Prince 
William  Sound  contain  small-sized  glaciers,  which  extend  westward  from  the  snowfields 
of  the  Chugach  Mountains. 
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of  the  glaciers  which  is  necessaiy  for  an  understanding  of  the  brief  observations  and  inter- 
pretations we  were  able  to  make  in  1910.  The  failure  of  oiu*  supply  of  gasoline  made  it 
necessary  to  confine  our  detailed  field  work  to  the  glaciers  in  the  outer  portions  of  Port 
Nellie  Juan  and  Icy  Bay,  and  to  abandon  all  sounding  after  leaving  Passage  Canal  and 
Culross  Passage.  Our  description  of  the  ice  tongues  in  Port  Nellie  Juan  and  Icy  Bay  is 
supplemented  by  the  work  of  Grant  and  Higgins,  and  by  earlier  observations  of  Portlock, 
Vancouver,  Seton  Karr,  Applegate,  Glenn,  Perkins,  and  others. 

The  descriptions  of  the  glaciers  of  Knight  and  Montague  Islands  and  of  the  fiords  of 
eastern  Prince  William  Sound,  which  no  one  has  thus  far  visited,  except  for  a  hurried 
trip  up  Port  Fidalgo  by  Schrader,  are  based  upon  our  views  from  a  distance. 

The  charts  of  the  United  States  Coast  and  Geodetic  Survey  furnish  data  for  the  inter- 
pretation of  submarine  topography,  the  latter  topic  being  partly  postponed  for  discussion 
in  the  chapter  on  the  glaciation  of  Prince  William  Sound. 

Port  Nellie  Juan 

Topography.  Port  Nellie  Juan,  which  is  connected  with  Passage  Canal  by  Culross 
Passage,  consists  of  three  parts: — (a)  an  outer  portion,  trending  northeast-southwest 
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from  Prince  William  Sound,  with  a  length  of  12  miles  and  a  width  of  2  to  4  miles;  (b) 
a  middle  portion  trending  nearly  at  right  angles  with  the  last  and  having  a  length  of  6 
miles  and  a  width  of  about  2  miles;  and  (c)  an  inner  portion,  called  Applegate  Arm,  extend- 
ing at  right  angles  to  the  last  and  nearly  parallel  to  the  outer  division,  with  a  length  of 
18}  miles,  and  a  width  of  2  or  3  miles. 

At  the  southern  end  of  the  outer  portion  is  the  cove  containing  Nellie  Juan  Glacier,  and 
Blue  Fiord,  at  the  head  of  which  is  Ultramarine  Glacier.  A  fiord  called  McClure  Bay 
lies  further  northeast.  With  the  exception  of  Contact  Glacier  on  the  southern  side  there 
are  no  ice  tongues  close  to  the  shore  of  the  second  section  of  the  fiord,  which  has  several 
indentations.  Applegate  Arm  has  three  ice  tongues  on  the  western  side  and  five  on  the 
eastern.  The  Kenai  Mountains  near  this  fiord  rise  to  heights  of  four  or  five  thousand 
feet,  with  peaks  that  are  even  higher. 

Observations  of  Glaciers.  The  observations  of  the  ice  tongues  of  Port  Nellie  Juan 
began  in  May,  1887,  when  Applegate  discovered  and  explored  this  fiord,  making  a  map 
which  was  first  reproduced  by  Davidson.^  Applegate  published  no  description  of  the 
glaciers. 

In  August,  1908,  Grant  and  Higgins  spent  two  days  in  this  inlet,  making  a  map 
(Fig.  65),  taking  many  photographs,  and  making  the  observations  which  are  quoted  in 
this  chapter.* 

The  junior  author  spent  August  6  to  8,  1910,  in  Port  Nellie  Juan,  visiting  the  Nellie 
Juan  Glacier  and  seeing  Ultramarine  and  Cotterell  Glaciers  from  a  distance.  As 
already  stated,  we  were  unable  to  make  soundings  or  to  visit  Applegate  Arm. 

NeUie  Juan  Glacier — The  Ice  Tongue.  Nellie  Juan  Glacier  rises  in  unexplored  snow* 
fields  of  the  Kenai  Mountains  (Fig.  65),  flowing  northeastward  to  a  cove  on  the  southern 
side  of  the  fiord,  with  a  known  length  of  over  3  miles  and  a  width  at  the  terminus  of  a 
mile.  West  of  it  a  smaller  glacier  descends  from  the  same  snowfield.  Nellie  Juan 
Glacier  is  only  moderately  crevassed,  has  a  low  terminal  slope,  and  two  miles  from  the 
terminus  is  fed  by  two  good-sized  tributaries,  the  larger  branch  being  on  the  northern 
side.  The  cove  in  which  this  glacier  terminates  is  about  2}  miles  long,  and  1^  to  £ 
miles  wide.  Although  the  glacier  extends  down  to  this  cove,  the  terminal  ice  cliff  of 
1910  did  not  reach  the  sea  at  low  tide  except  in  a  small  V-shaped  indentation  near  the 
eastern  margin,  the  only  point  where  icebergs  were  then  discharged.  At  high  tide  the 
water  bathed  most  of  the  terminus  of  the  glacier,  which  was  precipitous  though  not  very 
high;  but  at  low  tide  the  glacier  front  was  separated  from  the  cove  by  a  narrow  strip 
of  sand,  across  which  several  streams  flowed,  the  chief  one  being  near  the  western 
edge,  where  the  glacier  terminus  rested  on  a  granite  hill. 

Retreat  of  Glacier.  When  first  mapped  by  Applegate  in  1887,  this  glacier  is  repre- 
sented as  terminating  in  the  sea,  its  ice  cliff  facing  the  northeast.  There  was  slight  re- 
treat from  1887  to  1908,  when  Grant  and  Higgins  showed  the  terminus  on  the  land,  much 
as  in  1910.  Their  description  states  that  the  end  of  the  glacier  "'rests  on  a  gravel  beach, 
most  of  which  is  covered  by  high  tide;  and  near  the  center  of  the  front  the  ice  is  bathed 

>  Applegate,  S.,  map  reproduced  in  Davidson's  Gladera  of  Alaska  that  are  Shown  on  Russian  Charts  or  Men- 
tioned in  Older  Narratives,  Trans,  and  Proc.,  Geog.  Soc.  of  the  Pacific  Vol.  3,  1904,  pp.  26-7  and  Map  XI. 

*  Grant,  U.  S.  and  Higgins,  D.  P.,  Glaciers  of  the  West  Coast  of  Prince  William  Sound,  Bull.  Amer.  Geog. 
Soc.,  Vol.  XLIII,  1911,  pp.  409-413;  preliminary  notes  in  H.  P.  Reid's  Variations  of  Glaciers,  Joum.  Geol.» 
Vol.  XVII,  1909,  p.  671;  maps  in  Bull.  284,  U.  S.  Ged.  Survey,  1906,  Fig.  4,  p.  79;  in  Bull.  879,  Ihid.,  1909,  PI. 
IV,  facing  p.  88,  and  in  Bull.  448,  Ibid,,  1910,  Pis.  I  and  II. 
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by  low  tide  water.  On  both  sides  of  the  lower  part  of  the  glacier  is  a  distinct  bare  zone 
of  smoothed  granite,  and  this  bare  zone,  which  is  100  to  500  feet  in  width,  ends  abrupt^ 
at  the  edge  of  a  forest  covered  tract.  This  zone  is  prominently  developed  on  a  granite 
knob,  almost  an  island,  at  the  west  side  of  the  glacier  front.  Crossing  the  top  of  this 
knob  is  a  small  moraine  .  .  .  from  1  to  10  feet  in  height  and  5  to  SO  feet  in  width. 
This  moraine  contains  decaying  fragments  of  trees  and  just  to  the  north  of  it  is  an  area 
of  scattering  trees,  some  of  which  are  a  foot  in  diameter.  To  the  south  of  the  moraine 
is  some  vegetation, — moss,  grass,  alders  5  feet  high,  and  a  few  spruce  trees  4  feet  high. 
Most  of  the  vegetation  disappears  half  way  from  the  moraine  to  the  ice  front.  From  the 
extreme  sunmiit  of  the  above  granite  knob  the  nearest  point  of  the  moraine  is  48  feet 
distant  in  a  direction  S.  10°  W.  From  the  same  sunmiit  the  extreme  front  of  the  glacier 
is  500  feet  distant  in  a  direction  S.  13°  W. 

'*  The  moraine  noted  above  marks  the  farthest  advance  of  the  ice  since  the  growth  of  the 
present  forest,  i.  e.,  for  a  century,  and  most  probably  for  a  few  centuries.  The  date  of 
this  maximum  historical  advance,  is  at  a  minimum,  twenty  years,  and  probably  the  actual 
date  is  considerably  longer  ago  than  twenty  years." 

Two  years  later  our  comparison  of  photographs  showed  little  retreat  since  1906.  The 
glacier  surface  was  quite  smooth  and  apparently  still  wibting,  and  a  smaller  portion  of  the 
ice  front  was  bathed  by  low  tide.  The  marginal  stream  on  the  eastern  side  was  of  great 
size  and  was  buflding  a  steeply-sloping  delta  whose  area  increased  greatly  from  1908  to 
1910.  Grant's  conclusion  that  the  advance  in  association  with  the  terminal  moraine 
had  taken  place  at  least  twenty  years  before  1908  would  seem  to  associate  the  advance 
with  the  tidal  condition  of  the  glacier  when  mapped  by  Applegate  in  1887.  In  connec- 
tion with  the  long  stand  of  the  glacier  terminus,  with  only  about  500  feet  of  retreat  in 
£8  years,  there  has  accumulated  an  extensive  terminal  deposit  of  gravel,  sand,  and  clay» 
laid  down  in  large  part  below  sea  level.  The  weak  terminal  moraine  on  the  land,  the 
broader  terminal  deposit  in  the  sea,  and  the  barren  zone  are  all  conspicuous  phenomena 
in  connection  with  the  history  of  Nellie  Juan  Glacier  from  1887  to  1910. 

The  OtUwdsh  Fan.  West  of  the  rock  hill  a  narrow  lobe  of  the  glacier  sends  a  stream 
northward  across  an  extensive  outwash  gravel  fan,  the  margin  of  which  is  submerged 
for  i  mile  at  low  tide.  This  fan,  which  is  over  ^  mile  wide,  has  tied  Nichols  Island  to 
the  mainland,  but  on  the  northern  edge,  near  the  island,  there  is  a  channel  connecting  the 
main  cove  with  the  narrow  inlet  to  the  west  of  Nichols  Island.  A  slough  of  clear  water 
flows  across  this  flat  even  at  low  tide,  and  enters  the  bay  in  front  of  Nellie  Juan  Glacier. 
Its  current  is  distinguishable  for  several  hundred  feet  offshore  in  the  midst  of  the  milky- 
white  glacial  waters  of  the  rest  of  the  cove.  Another  of  the  streams  from  the  western 
margin  of  the  glacier  flowed  across  the  fan  to  the  branch  of  the  fiord  west  of  Nichols 
Island.  This  portion  of  the  fan  completely  surrounds  a  rock  islet.  The  surface  of  the 
fan  is  barren,  evidently  because  the  glacial  streams  have  occupied  its  surface  contin- 
uously. It  has  an  unusually  steep  slope  and  parts  of  it  are  made  up  of  very  coarse 
bowlders.  In  recent  years,  with  the  retreat  of  the  glacier  and  diminution  of  debris 
supply,  some  of  the  streams  have  incised  moderately-deep  gulleys  in  the  fan. 

Ultramarine  Glacier,  This  glacier  terminates  in  Blue  Fiord,  which  is  4}  miles  Iong» 
i  to  1  mile  wide,  and  very  precipitous.  The  length  of  the  Ultramarine  Glacier  is  un- 
known, only  a  mile  of  it  having  been  mapped,  and  at  the  terminus  it  has  a  width  of  about 
f  of  a  mile  (Fig.  55),    Like  Nellie  Juan  Glacier,  it  is  fairly  clean  and  moderately 
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crevassed.  It  is  not  tidal,  but  is  separated  from  the  fiord  by  a  narrow  strip  of  outwosh 
gravels. 

Applegate,  the  only  one  who  haa  been  close  to  the  glacier,  so  far  as  we  know,  indicates 
on  his  map  that  in  1887,  when  he  went  within  less  than  half  a  mile  of  itt  there  were  visi- 
ble reefs  in  front  of  the  terminus,  which  was  then  tidal. 

Grant  and  Higgins,  after  their  visit  in  1908,  stated  that"  tlie  glacier  comes  within  about 
a  quarter  of  a  mile  of  tide  water  and  the  western  part  of  the  front  extends  farther  forward 
than  the  eastern  two-thirds  and  rests  on  a  glacial  fiat.    The  eastern  part  of  the  front 


Pio.  M.    Port  Nblub  Jdak  ano  In  Glacikbs  in  1908  (Aiteb  Applxoatk, 


Hioaora). 


rests  on  a  rock  ridge  about  300  feet  above  the  sea.  On  this  ridge  there  is  a  marked  bare 
zone,  and  also  one  on  the  side  of  the  glacier.  The  front  of  the  glacier  was  not  visited, 
but  at  a  distance  this  bare  zone  appears  as  if  the  ice  had  retreated  from  it  in  the  last  two 
or  three  years.  Applegate's  map  indicates  that  the  glacier  in  1887  reached  to  tidewater 
along  its  whole  front.  The  forest  in  front  of  the  eastern  part  of  the  glacier  shows  that 
this  could  not  have  been  the  case,  although  the  western  part  m^  have  reached  tide  water 
at  that  time,  but  even  this  is  doubtful.  Our  observations  on  this  glacier  were  made  at 
a  distance  of  about  a  mile  and  a  half." 

Since  we  saw  Ultramanne  Glacier  in  1910  from  a  distance  of  several  miles  we  cannot 
say  whether  it  had  changed  any  in  the  last  two  years.  It  was  evident,  however,  that 
there  had  been  no  great  change  in  the  way  of  advance  or  retreat. 


874  ALASKAN  GLACIER  STUDIES 

Glaciers  of  ApplegaU  Arm.  The  glaciers  of  Applegate  Arm  are  Cotterell,  Taylor,  and 
Claremont  Glaciers  on  the  western  side,  and  Langdon,  Eongs,  Applegate,  Falling,  and 
smaller  ice  tongues  on  the  eastern  side.  The  ice  tongues  of  the  western  side  of  Apple- 
gate  Arm  are  fed  from  the  snowfields  which  also  supply  ice  to  Tebenkof  Glacier  and  the 
ice  tongues  at  the  head  of  Blackstone  Bay.  Several  of  these  glaciers  were  mapped  by 
Applegate,  who  went  close  to  them  when  he  discovered  this  fiord,  in  1887.  They  were 
surveyed  more  in  detail  by  Grant  and  Higgins  in  1908  (Fig.  55),  but  up  to  the  present 
time,  with  the  exception  of  a  brief  note,  quoted  below,  they  have  published  no  descrii>- 
tion  of  the  outwash  gravel  fans  and  barren  zones,  which  they  mapped,  together  with 
a  terminal  moraine  of  Claremont  Glacier.  They  stated  that  when  they  visited  this 
fiord  they  did  not  examine  in  detail  the  glaciers  on  its  western  side. 

''South  of  tlie  central  part  and  east  of  the  southern  part  of  Port  Nellie  Juan  is  a  snow- 
field  of  unknown  but  considerable  extent.  Several  glaciers  flow  north  and  west  from  this 
field,  and    .  Falling  Glacier  reaches  tide  water.    On  the  west  side  of  the  south- 

em  part  of  the  port  (Applegate  Arm)  are  other  glaciers,  one  of  which,  the  Taylor,  reaches 
tide  water.  The  head  (of  Applegate  Arm)  is  shallow  and  the  waters  very  muddy.  This 
is  due  to  streams  from  the  adjoining  glaciers,  and  especially  to  .  .  .  Kings  River» 
entering  the  head  of  the  port  charged  with  glacial  silt  (coming)  from  one  of 

the  largest  ice  covered  areas  of  the  Kenai  Peninsula.*' 

The  National  Geographic  Society's  party  saw  only  Cotterell  Glacier  in  1910  and  this 
at  a  considerable  distance,  so  we  have  no  information  as  to  the  behavior  of  the  glaciers 
of  Applegate  Arm  from  1908  to  1910.  The  largest  glacier  of  Applegate  Arm,  which  sup- 
plies the  water  of  Kings  River,  has  not  yet  been  mapped  or  studied. 

Glcunation  of  Port  Nellie  Juan.  In  this  broad,  deep  fiord  the  evidence  of  the  former 
extension  of  the  glaciers  is  clear,  the  glaciated  fiord  walls,  especially  the  precipitous  north- 
western side  of  Blue  Fiord,  the  plucking  of  the  well- jointed  granite  of  the  rock  hill  at  the 
terminus  of  Nellie  Juan  Glacier  and  on  Nichols  Island,  and  the  glacial  striae,  making  it 
plain  that  the  whole  fiord  was  formerly  filled  by  an  ice  tongue  which  flowed  into  Prince 
William  Sound. 

Glacial  deposits  are  of  small  extent,  and  the  fairly  thick,  mature  growth  of  vegetation 
(for  example,  on  Nichols  Island  and  on  the  mainland  near  Nellie  Juan  Glacier)  makes 
it  clear  that  the  last  greatly  expanded  stage  of  these  glaciers  was  more  than  a  century  ago. 

The  small  barren  zones  near  Nellie  Juan  and  Ultramarine  Glaciers,  and  near  the  ice 
tongues  of  Applegate  Arm,  mapped  and  described  by  Grant  and  Higgins,  are  interpreted 
as  evidence  of  a  slight  advance,  two  decades  or  more  ago,  similar  to  the  advances  in  the 
fiords  to  the  north. 

The  extent  to  which  glacial  erosion  has  deepened  and  otherwise  modified  the  fiord  is 
likewise  unknown.  Judging  by  the  absence  of  many  reefs  and  of  kelp  away  from  the 
shores,  it  is  assumed  that  here,  as  elsewhere,  the  fiord  has  been  deepened  throughout  by 
glacial  erosion. 

Icy  Bay 

General  Description,  The  entrance  to  Icy  Bay,  which  is  connected  with  Prince  William 
Sound  both  to  the  north  and  south  by  a  broader  fiord  called  Knight  Island  Passage,  is 
between  Chenega  Island  and  Point  Countess.  The  outer  part  of  Icy  Bay  (PL  XCIII) 
trends  northwest-southeast  for  8  miles,  with  a  width  of  8  to  4  miles;  while  the  inner 
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part  extends  at  right  angles  to  it  with  a  length  of  about  13  miles  and  a  widtK  of  from  ^  to 
1^  miles.  Facing  the  entrance  is  Chenega  Island,  north  of  which  Dangerous  Passage 
also  connects  Icy  Bay  with  the  northern  portion  of  Knight  Island  Passage.  The  inner 
part  of  Icy  Bay  has  a  cove  on  the  southern  side  which  is  separated  from  Port  Bain- 
bridge  by  a  narrow  isthmus  from  one  half  to  three  fourths  of  a  mile  in  width  (Fig.  56). 
The  head  of  Ipy  Bay,  to  the  southwest  of  this  cove  is  less  than  half  a  nule  wide  and  is 
terminated  by  a  tidal  ice  tongue  called  Tiger  Glacier.  On  the  northern  side  of  inner  Icy 
Bay  is  a  larger  indentation  nearly  two  miles  in  length  and  from  one  half  to  two  miles 
wide,  and  partly  cut  off  from  Ipy  Bay  by  a  high,  rocky  peninsula.  Chenega,  Princeton, 
and  Tiger's  Tail  Glaciers  terminate  in  this  indentation,  which  is  called  Nassau  Fiord. 
Small  icebergs  from  this  bay  drift  out  into  Knight  Island  Passage,  sometimes  being 
seen  as  far  east  as  Latouche  Island,  along  a  channel  regularly  traversed  by  steamers. 
The  depths  of  water  in  Icy  Bay  are  unknown  except  at  the  mouth,  in  Knight  Island 
Passage,  where  the  fiord  is  1000  to  1350  feet  deep,^  and  in  Icy  Bay  opposite  the  mouth 
of  Nassau  Fiord  where  it  is  300  feet.'  The  fiord  walls  are  steep  and  the  adjacent 
mountains  rise  to  heights  of  several  thousand  feet  above  sea  level. 

Observations  of  Glaciers.  The  information  about  the  glaciers  of  Icy  Bay  is  based  upon 
observations  by  Portlock '  in  1787,  Vancouver  ^  in  1794,  Seton  Karr*  in  1836,  Applegate* 
in  1887,  Glenn  '  in  1898,  Grant  and  Higgms  •  in  1908,  Perkins  *  in  1909,  and  the  National 
Geographic  Society's  expedition  ^®  in  1910. 

Glaciers  qf  Nassau  Fiord — Chenega  Glacier.  Chenega  Glacier  is  known  to  be  at  least 
3  miles  long,  plus  a  continuation  in  unexplored  snowfields,  and  is  fed  by  two  large  tribu- 
taries, and  at  least  one  small  one.  It  terminates  in  Nassau  Fiord  with  a  vertical  ice 
cliff  nearly  half  a  mile  in  width  and  135  feet  high.  It  is  a  clean  white  ice  tongue  with  no 
medial  moraines  and  descends  a  steep  slope  of  500  or  600  feet  in  the  last  quarter  of  a  mile, 
with  severe  crevassing.  Above  this  the  glacier  has  a  more  moderate  slope.  Many  ice- 
bergs are  discharged  from  this,  the  most  active  tidal  glacier  in  Icy  Bay.  Around  its 
terminus,  and  on  a  nunatak  between  its  two  chief  tributaries,  is  an  extensive  barren  zone; 
and  the  absence  of  vegetation  throughout  most  of  the  lower  slopes  of  Nassau  Fiord  indi- 
cate recent  extensive  retreat. 

Historical  evidence,  reviewed  later,  indicates  that  Chenega  Glacier,  joining  the  ad- 

•  U.  S.  Coast  and  Geod.  Surv^,  Chart  No.  8550. 

t  Soundings  by  Capt.  W.  P.  S.  Porter  of  the  steamship  Yueaian  which  took  the  Perkins  party  into  lay  Bay 
in  1909.    Personal  communication  from  Mr.  George  W.  Perkins. 

« Portlock,  Nathanid,  Voyage  Round  the  World,  London,  1789,  p.  240. 

« Vancouver,  Geoige,  Voyage  of  Discovery  to  the  Pacific  Ocean  and  Round  the  World,  Vol.  V,  London,  1801, 
pp.  S04-S05;  maps  republished  by  Davidson  (see  below)  Maps  IV  and  V. 

•  Seton  Karr,  H.  W.,  Shores  and  Alps  of  Alaska,  London,  1887,  pp.  22&-229. 

•  Applegate,  S.,  quoted  in  Davidson's  Glaciers  of  Alaska  That  are  Shown  on  Russian  Charts  or  Mentioned 
in  Older  Narratives,  Trans,  and  Pioc  Geog.  Soc.,  Pacific  Vol.  3, 1904,  p.  «8. 

» Glenn,  E.  F.,  War  Dcpt,  Adj.-Gen.  Oflke,  No.  XXV.  1899,  map  in  podcet. 

•  Grant,  U.  S.  and  Hig^ns,  D.  F.,  Glaciers  of  the  West  Coast  of  Prince  William  Sound,  Bull.  Amer.  Geog. 
Soc..  Vol.  XLIU,  1911,  pp.  410,  414^16;  'Hdewater  Glaciers  of  Prince  William  Sound  and  Kenai  Peninsula, 
Bull.,  U.  S.  Geol.  Survey  (in  preparation);  also  in  H.  F.  Reid's  Variations  of  Glaciers,  Joum.  Geol.,  Vol. 
XVII,  1909,  pp.  670-671;  also  Maps  in  Bull.  284,  U.  S.  Geol.  Survey,  1906,  Fig.  4  on  p.  79;  Ibid.,  Bull.  379, 1909, 
PI.  IV  facing  p.  88;  Ibid,,  Bull.  443, 1910,  PI.  I  facing  p.  10  and  PI.  H,  in  podcet 

•  Peridns,  George  W.,  Personal  communication. 

u  Martin,  Lawrence,  Nat  Geog.  Mag.,  Vol.  XXU,  1911,  pp.  551, 565;  Joum.  Ged.,  Vol.  XIX,  1911,  p.  458. 
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jacent  ice  tongues,  wm  much  more  extensive  and  retiuned  essentially  the  same  position 
between  1787  and  1808,  and  that  it  retreated  a  long  distance  between  1808  and  1908.  In 
the  latter  year  the  glacier  waa  studied  and  mapped  by  Grant  and  Higgins,*  when  ihey 
spent  one  day  in  Icy  Bay,  making  tlie  map  reproduced  as  Fig.  56,  taking  photogr^hs  and 
discovering  the  retreat  of  two  to  three  miles.  They  quote  a  native  tradition  that  this 
{^ier  extended  to  the  mouth  oC  Icy  Bay  about  a  century  before  and  interpret  this  as 
meaning  the  mouth  ci  Nassau  Fiord  because  of  the  relationships  of  forest  and  barrm 
Eones. 
In  1909  the  G.W.  Perkins  party  vimted  Icy  Bay  and  proposed  that  this  ice  tongue 

be  called  Princeton  Glacier; 
but,  since  Grant  had  previ- 
ously called  it  Chenega,  the 
name  Princeton  is  ^plied 
by  Grant  to  the  glacier  east 
of  it.  Perkins  also  named 
the  Tiger's  TaJl  Glader,  the 
Tiger  Glatner,  and  Nassau 
Fiord;  and  one  of  the  offi- 
cers ot  his  ship  determined 
the  bdght  of  the  ice  cliff  at 
Chenega  Glacier. 

The  National  Geograptuc 
Society's  1910  party  spent 
portions  of  two  d^ys  at 
Chenega  Glacier,  and  found 
the  ice  front  in  about  the 
some  position  as  in  1908.  A 
comparison  of  photogr^hs, 
taken  from  one  of  the  Grant 
and  Higgins'  photogr^hic 
stations  (c.  Fig.  56),  showed 
in  the  two  years  no  signifi- 
cant change,  although  con- 
ditions along  the  eastern 
edge,  and  an  especially 
marked  increase  in  the  hei^t  of  the  terminal  cliff,  suggested  the  possibility  of  a  slight 
advance  being  then  in  progress  (PI.  CXLV,  A). 

Princeton  Glacier.  Princeton  Glacier,  of  about  the  same  size  as  Chenega  Glacier  and 
fed  from  adjoining  snowfields,  is  no  longer  tidal.  The  terminus  of  the  eastern  margin  is 
so  encumbered  with  ablation  moraine,  that  this  side  of  the  glacier  appears  dirty.  About 
a  half  mile  back  from  the  water's  edge,  there  is  a  medial  moraine  near  the  eastern  margin 
which,  however,  extends  diagonally  across  the  glacier,  so  that  at  the  terminus,  it  is  close 
to  the  western  mai^. 

The  lower  end  of  the  Princeton  Glacier  Aopes  gradually,  in  contrast  with  the  frontal 
precipice  and  steep  Aiype  ot  Chenega  Glacier,  and  the  surface  is  very  little  crevaaaed. 
t  Bun.  Anter.  G«c«.  Soc,  Vol.  XLIII,  1911,  pp.  410,  414-416. 
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As  far  back  as  can  be  seen  from  Icy  Bay  the  glacier  has  a  moderate  slope,  suggesting  that 
it  comes  from  a  considerable  distance.  It  is  possible  that  its  snowfields  join  those  of 
Nellie  Juan  and  Ultramarine  Glaciers,  10  or  12  miles  to  the  north. 

There  are  barren  areas  around  the  terminus  of  Princeton  Glacier,  which  seems  abo  to 
have  had  a  more  expanded  stage  over  a  century  ago,  and  to  have  then  coalesced  with 
Chenega  Glacier  to  form  the  expanded  Icy  Bay  Glacier. 

When  mapped  by  Grant  and  Higgins  in  1908  three  quarters  of  the  glacier  terminus 
was  separated  from  the  water's  edge  by  a  low  line  of  morainic  or  rock  hills,  but  the  west- 
em  margin  may  have  been  tidal.  Between  August  5,  1908,  and  August  9,  1910,  the 
glacier  was  wholly  inactive,  continuing  to  waste  so  rapidly  that  the  areas  covered  by 
ablation  moraine  increased  decidedly  in  amoimt,  the  ablation  moraine  of  the  eastern  side 
practically  coalescing  with  the  diagonal  medial  moraine.  By  that  time,  also,  there  was 
sufficient  retreat  of  the  margin  so  that  it  nowhere  reached  the  sea,  even  the  western  edge 
being  separated  by  narrow  gravel  and  sand  strips.  It  is  possible  that  at  high  tide  the 
water  covered  this  fringe  and  touched  the  ice  edge  in  the  western  part;  but  there  was  no 
terminal  cliff,  and  no  icebergs  were  discharged. 

Tiger* 9  Tail  Glacier  and  Smaller  Ice  Tongues.  Tiger's  Tail  Glacier  is  a  slender  ice 
tongue,  extending  down  over  the  lip  of  a  hanging  valley  as  a  cascading  glacier,  and  reach- 
ing the  water's  edge,  so  that  a  few  icebergs  are  probably  discharged.  It  was  first  mapped 
by  Grant  m  1908. 

The  small  ice  tongues  to  the  southwest  of  Tiger's  Tail  Glacier  are  fed  from  adjacent 
nkvk  fields.  One  glacier  conspicuous  from  Nassau  Fiord  terminates  in  a  hanging  vall^ 
800  to  900  feet  above  the  sea,  to  which  it  sends  two  streams  which  flow  down  either  side 
of  a  broad  mountain  spur.  The  terminus  of  this  glacier  is  more  or  less  veneered  with 
moraine  and  in  front  of  it,  on  the  lip  of  the  hanging  vall^,  are  good-sized  spruces  and 
hemlocks  and  a  thick  growth  of  willow  and  alder,  making  it  extremely  improbable  that 
this  glacier  could  have  participated  in  the  expanded  condition  of  1794  when  Chenega, 
Princeton,  and  Tiger's  Tail  Glaciers  filled  Nassau  Fiord.  The  other  ice  tongues  farther 
to  the  southwest  terminate  high  above  sea  level,  several  of  them  in  hanging  valleys,  and 
from  all  of  them  streams  with  waterfalls  descend  the  fiord  wall  to  the  northwestern  side 
of  Icy  Bay. 

Tiger  Glacier.  Tiger  Glacier,  at  the  head  of  Ipy  Bay,  seen  by  us  only  from  the  mouth 
of  Nassau  Fiord,  is  shown  in  the  map  (Fig.  56),  photographs,  and  brief  description  by 
Grant  and  Higgins,  to  be  fed  by  two  good-sized  tributaries.  It  has  been  mapped  for 
only  a  little  over  a  mile,  although  the  photographs  show  clearly  that  it  heads  some  dis- 
Jance  farther  to  the  southwest.  The  adjacent  snowfields  also  feed  several  small  glaciers 
to  the  east  of  it,  which  terminate  several  hundred  feet  above  the  fiord  and  supply 
streams  which  cascade  down  the  fiord  wall.  Tiger  Glacier,  which  in  the  portion 
seen  is  severely  crevassed,  terminates  with  a  steep  slope,  at  the  end  of  which  is  a  vertical 
cliff  less  than  half  a  mile  wide,  from  which  icebergs  are  discharged.  Near  the  northern 
margin  bare  rock  was  exposed  beneath  the  terminus  of  the  glacier  for  over  one-third  of 
its  width  in  1908.  A  photograph  by  the  Perkins  party  in  1909  shows  that  Tiger  Gla- 
cier had  advanced  sli^tly ,  covering  a  prominent  rock  which  was  visible  the  year  before* 
There  was  no  marked  continuation  of  this  advance  up  to  August  9,  1910. 

Retreat  of  the  Icy  Bay  Glaeiers.  The  first  historical  suggestion  .of  a  glacier  in  Icy  Bay 
results  from  the  visit  of  Portlock  to  Prince  William  Sound  in  1787.    In  July  of  that  year 
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Portlock's  whaleboat  and  yawl  cruised  in  the  vicinity  of  what  seems  to  be  Kiiight  Island 
Passage,  while  looking  for  the  Passage  Canal  route  to  Cook  Inlet,  which  th^  seem  to 
have  thought  to  be  a  river.  Th^  state  that  ''On  getting  over  to  the  South  West  shore, 
they  met  with  great  quantities  of  drift-ice,  coming  as  they  supposed,  out  of  that  open- 
ing, and  at  the  same  time  heard  a  constant  jumbling  noise  resembling  the  breaking  up  of 
ice  in  a  large  river."  The  officer  in  command  encountered  fog  and  did  not  push  on  or 
see  the  glacier,  whose  presence  he  seems  not  to  have  suspected.  The  map  is  indefinite, 
but  the  description  of  icebergs  and  noises  indicates  that  a  tidal  glacier  in  Icy  Bay,  ex- 
tended as  far  or  farther  down  the  fiord  than  seven  years  later  when  Vancouver's  expedi- 
tion entered  these  waters. 

The  first  description  and  map  of  the  Icy  Bay  Glacier  was  made  in  1794  by  Vancouver's 
expedition.  Lieutenant  Whidbey  states  that  in  going  up  outer  Icy  Bay  from  Point 
Countess  they  passed  ''many  large  pieces  of  floating  ice,  which  were  in  great  abundance 
in  this  part  of  the  sound."  He  describes  inner  Icy  Bay,  which  they  saw  on  June  4th,  as 
"a  bay  on  the  western  shore  about  a  league  wide,  and  about  four  and  a  half  miles  deep 
terminated  by  a  compact  body  of  ice  that  descended  from  high  perpendicular  cliffs  to 
the  water  side,  and  surrounded  by  a  country  composed  of  stupendous  lofty  mountains 
covered  with  snow."  The  map  accompanying  Vancouver's  account  shows  the  terminus 
of  the  glacier  at  a  point  in  Icy  Bay  somewhere  east  of  the  head  of  Port  Bainbridge  and 
probably  near  the  entrance  of  Nassau  Fiord.  The  representations  of  the  shorelines  on 
this  map  (see  inset.  Fig.  56)  are  sufficiently  detailed  for  us  to  identify  the  location  with 
some  certainty. 

On  October  £0,  1886,  Seton  Earr  visited  the  native  village  at  Chenega  near  the  mouth 
of  Icy  Bay,  and  he  has  published  a  sketch  of  Icy  Bay  as  seen  from  Chenega  Island,  show- 
ing a  glacier  and  snowfields  in  the  backgroimd.  Since  Tiger  Glacier  could  not  be  seen 
from  Chenega  Island,  and  since  Chenega-Princeton  Glacier  cannot  be  seen  from  that 
point  at  present  and  would  not  be  visible  unless  they  were  sufficiently  expanded  to  extend 
outside  the  mouth  of  Nassau  Fiord,  this  picture  is  interpreted  as  proof  that  the  Chenega- 
Princeton  Glacier  remained  in  the  expanded  position  of  1787-1794  up  to  at  least  1886. 
Seton  Karr  speaks  of  Icy  Bay  near  Chenega  village  as  "a  broad  bay  covered  with  small 
icebergs"  and  says  that "  close  at  hand  several  glaciers  descend  into  the  sea  from 
low  flat  snowfields."  He  could  not  have  made  the  latter  statement  on  the  basis  of  what 
one  may  now  see  at  Chenega. 

After  his  visit  in  May,  1887,  Applegate,  quoted  by  Davidson,  referred  to  this  ice  tongue 
as  "a  fine  glacier,  coming  down  to  the  water."  He  seems  to  have  made  no  map  of  Icy 
Bay  so  that  we  do  not  feel  sure  from  his  description  alone  exactly  where  the  glacier  ended 
at  that  time,  though,  as  stated  above,  Seton  Karr's  sketch  of  the  previous  year  fixes  the 
approximate  location  of  the  terminus. 

The  army  expedition  of  1898  under  Glenn  published  a  map  (see  inset,  Fig.  56), 
showing  Icy  Bay  with  a  glacier  which  terminated  east  of  the  head  of  Port  Bainbridge 
as  in  1794,  and  with  an  outline  different  enough  from  that  sketched  by  Whidbey  to 
suggest  that  it  was  located  by  a  new  survey,  as  the  roughly-contoured  fiord  waUs  also 
suggest.  No  Icy  Bay  Glacier  is  mentioned  in  Glenn's  account  and  the  map  may 
possibly  be  based  on  some  earlier  survey,  later  than  1794.  If  made  in  1898  it  shows 
that  the  Ipy  Bay  Glacier  front  remained  in  essentially  the  same  pldce  from  1794  to 
1898,  changing  only  in  shape.    The  map  shows  "floating  glacier  ice"  in  Knight  Island 
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Passage  outside  ley  Bay.  We  feel  that  Glenn's  map,  corroborated  by  Seton  Karr's 
sketch,  strongly  suggests  a  maintenance  of  the  1794  position  for  over  a  century. 

By  1908,  as  Grant  states  specifically  ^  and  as  his  map  shows,  there  had  been  a  great 
retreat;  but  he  does  not  discuss  the  question  whether  it  was  a  gradual  retreat  from  1794 
to  1908,  or  a  rapid  one  during  the  last  few  years  of  this  period.  He  says  "'a  traverse  of 
the  shoreline  of  this  bay  in  1908  shows  it  to  be  about  11  miles  in  length  with  a  tide- 
water glacier  at  its  head.  On  the  north  side  of  the  bay,  6  miles  from  its  head,  is  a  smaller 
bay,  nearly  two  miles  in  length;  and  at  the  head  of  this  bay  are  two  tide-water  glaciers. 
The  description  of  Whidbey,  who  was  attached  to  Vancouver's  exploratory  expedition 
of  1794,  states  that  this  bay  was  four  and  a  half  miles  deep  and  was  terminated  by  a 
perpendicular  clifiF  of  ice.  This  would  seem  to  indicate  a  retreat  of  ice  in  the  axis  of  Icy 
Bay  of  some  six  and  a  half  miles  from  1794  to  1908." 

Relationships  of  Forest  Orowth.  Our  study  of  the  vegetation  in  Icy  Bay  is  interesting 
in  connection  with  the  description  by  Whidbey  in  1794  and  the  position  of  the  glacier 
as  indicated  on  his  map.  Northeast  of  Nassau  Fiord  the  forest  is  eveiywhere  thick  and 
mature,  containing  trees  from  24  to  32  inches  in  diameter.  The  annual  rings  in  a  num- 
ber of  them  were  counted  in  1910  and  three  trees  about  24  inches  in  diameter  were 
found  to  be  lis,  120  and  122  years  old.  There  were  trees  of  about  the  same  diameters, 
and  about  as  thickly  set,  all  along  tne  coast  up  to  and  including  the  small  island  north- 
east of  the  entrance  to  Nassau  Fiord.  These  are  not  stunted  trees,  even  those  nearest 
the  glaciers  being  weU-developed.  As  Whidbey 's  visit  was  116  years  before  ours  of 
1910,  the  presence  of  trees  120  to  122  years  old  proves  clearly  that  the  glacier  could  not 
have  extended  quite  as  far  to  the  northeast  in  1794  as  the  site  of  these  trees. 

Along  a  sharply  defined  line  near  the  entrance  of  Nassau  Fiord,  however,  this  mature 
forest  ends,  and  the  interior  shores  of  Nassau  Fiord,  the  mountain  between  Princeton  and 
Chenega  Glaciers,  and  the  shores  of  Icy  Bay  from  that  point  southwestward,  have  only 
scattered  trees,  none  of  which  seem  to  be  more  than  a  score  of  years  old.  On  the  first 
prominent  rock  point  inside  of  Nassau  Fiord  (near  Photo.  Sta.  D,  Fig.  56)  the  higher 
part  of  the  barren  zone  has  scattered  willows,  alders,  and  young  spruces  and  hemlocks 
at  an  elevation  of  about  200  feet  aboye  sea  level,  the  oldest  one  counted  having  22  annual 
rings,  thou^  some  of  the  others  may  have  been  even  older.  Nearer  sea  level  the  slopes 
are  absolutely  barren.  This  suggests  that  the  ice  front  observed  by  Whidb^  was  main- 
tained up  to  rather  recent  times,  as  we  interpret  Glenn's  map  to  show  also. 

On  and  near  the  col  between  Icy  Bay  and  Port  Bainbridge  there  are  scattered  conifers 
which  from  a  distance  seem  to  be  of  good  size.  We  did  not  ascertain  whether  these 
extend  down  to  sea  level  or  not,  nor  how  old  they  are.  If  it  should  prove  that  there  are 
matiu«  trees  at  sea  level  in  this  part  of  Icy  Bay,  it  would  suggest  either  (a)  a  forest  ad- 
vancing over  the  low  col  from  Port  Bainbridge,  before  the  Tiger  Glacier  portion  of  the 
dismembered  Ipy  Bay  Glacier  had  retreated  to  its  present  position,  or  (b)  that  the  ex- 
panded ice  tongue  of  1787-1794  was  supplied  wholly  by  the  Chenega  and  Princeton  Gla- 
ciers which  emerged  from  Nassau  Fiord  and  filled  this  part  of  Icy  Bay  without  being 
joined  by  Tiger  Glacier,  the  upper  part  of  the  inlet  being  either  an  arm  of  the  sea  or  a 
lake. 

This  latter  interpretation,  made  in  1910,  is  at  variance  with  the  statement  of  Grant,' 

>  Grant,  U.  S.,  Joum.  Geol.,  Vol.  XVII,  1909.  pp.  $7(Mm. 
s  Op.  dt.,  p.  971. 
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quoted  on  a  previous  page  and  in  our  earlier  publications,  that  the  ice  in  the  axis  of  Icy 
Bay  retreated  six  or  seven  miles  from  1794  to  1908,  for  this  involves  the  participation  of 
Tiger  Glacier  in  the  expansion  of  1794.  As  we  revise  this  text,  however,  we  have  the 
later  statement,  published  in  1911  by  Grant  and  Higgins,^  that  in  1794  ''it  is  very  prob- 
able that  the  glaciers  in  Nassau  Fiord  completely  filled  that  fiord  and  ex- 
tended out  into,  but  not  across,  the  main  part  of  Icy  Bay."  If  this  means  that  Tiger 
Glacier  did  not  participate  in  the  expansion  of  the  Chenega-Princeton  ice  tongue  it  is 
quite  in  accord  with  the  distribution  of  vegetation. 

One  of  the  most  interesting  features  in  relation  to  forest  growth  in  this  region  is  the 
shape  of  the  barren  zone  on  the  peninsula  east  of  Nassau  Fiord,  between  that  indenta- 
tion and  Icy  Bay.  This  shows  clearly  that  while  the  expanded  Chenega  and  Princeton 
Glaciers  filled  Nassau  Fiord  and  extended  over  the  narrow  northeastern  portion  of  the 
peninsula,  the  higher  southeastern  side  of  the  peninsula  and  the  low  island  there,  which 
are  thickly  forested,  were  not  covered  by  the  glacier.  The  dashed  line  (Fig.  56),  showing 
the  boundary  of  the  barren  zone  indicates,  therefore,  that  the  expanded  Chenega-Prince- 
ton Glacier  was  tidal  in  Icy  Bay  in  the  cove  east  of  this  peninsula  as  well  as  opposite  the 
mouth  of  Nassau  Fiord;  but  that  the  two  tidal  termini  did  not  coalesce  and  transform  the 
higher  part  of  this  peninsula  into  a  nunatak,  nor  override  it  completely. 

Olacial  Modifications  in  Icy  Bay.  Icy  Bay,  Uke  the  other  fiords  of  Prince  William 
Sound,  has  been  intensely  glaciated,  giving  it  veiy  steep  walls  and  large  areas  of  bare» 
striated  rock  often  having  the  roches  moutonn£e  form.  Hanging  valleys  are  also  present^ 
the  one  containing  the  small  ice  tongue  south  of  Tiger's  Tail  Glacier  forming  an  especially 
good  illustration. 

Icy  Bay,  even  more  than  the  fiords  to  the  north,  is  remarkable  for  the  absence  of  glacial 
deposits  above  sea  level,  the  chief  deposits  observed  by  us  being  scattered,  glacial  bowl- 
ders on  the  bare  rock  surfaces  and  a  thin  veneer  of  ground  moraine  in  places.  There  is  a 
narrow  strip  of  outwash  gravel  which  separates  Princeton  Glacier  from  the  fiord,  and 
a  veiy  perfect,  though  minute,  terminal  moraine  ridge,  in  the  second  cove  east  of  Nassau 
Fiord  on  the  northern  side  of  Icy  Bay  (a.  Fig.  56).  It  is  made  up  of  stony  till  and  ex- 
tends across  the  valley,  at  the  head  of  the  cove,  as  a  single,  narrow-crested  ridge,  with  a 
height  of  between  ^0  and  30  feet.  It  seems  to  have  been  built  by  a  projecting  lobe  from 
the  Icy  Bay  Glacier  rather  than  by  a  retreating  glacier  in  this  small  valley. 

Glaciers  on  the  Islands  op  Prince  William  Sound 

Knight  Island.  Knight  Island,  in  western  Prince  William  Sound,  east  of  Icy  Bay  and 
Port  Nellie  Juan,  is  26  miles  long  and  7  or  8  miles  wide  (PI.  XCIII).  Its  coast  is  deeply 
indented  by  fiords  and  its  surface  is  very  rugged.  The  peaks  are  2000  to  S180  feet  high, 
and  since  many  of  them  are  snow-capped,  it  is  probable  that  their  nkvk  fields  give  rise 
to  a  number  of  minute  glaciers.  None  of  these  have  been  shown  on  a  map,  and  only  one 
of  them,  a  cascading  glacier  on  the  southern  side  of  the  island  near  Mummy  Bay,  wa& 
seen  by  the  National  Geographic  Society's  expedition.  The  large  number  of  cirques 
show  clearly  that  extensive  local  glaciers  have  existed  in  the  past.  Their  relationships  to 
the  expanded  ice  sheet  of  Prince  William  Sound  are  discussed  in  a  later  chapter. 

Chenega  Island.    Chenega  Island,  between  Knight  Island  and  Icy  Bay,  is  about  & 

>  BuU.  Amer.  Geog.  Soc.,  Vol.  XLIII,  1911,  p.  4U. 
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miles  long  and  8  miles  wide,  and  is  much  less  rugged  than  Knight  Island.  All  of  the 
island  is  high,  the  summits  rising  to  elevations  of  1800  to  2000  feet,  and  retaining  snow 
as  late  into  the  sunmier  as  August;  but  the  island  is  not  known  to  contain  any  glaciers, 
although  we  suspected  the  presence  of  a  small  glacier  in  one  of  the  snow-filled  cirques  on 
the  northwestern  side,  near  Dangerous  Passage.  There  are  a  few  large  cirques,  and  the 
rugged  group  of  summits  apparently  have  been  sharpened  by  local  glaciation. 

Latouche  Island.  Latouche  Island,  south  of  Knight  Island,  with  its  southern  end  in 
the  Pacific  Ocean,  is  12  miles  long,  2  to  S^  miles  wide,  and  has  peaks  1780  to  2225  feet 
high,  some  of  which  retain  snow  rather  late  into  the  summer,  though  none  of  them  are 
known  to  support  glaciers  at  present.  In  former  times,  however,  on  the  northwestern 
side  of  Latouche  Island,  there  were  good-sized  local  glaciers,  which  excavated  great 
cirques  from  one  to  two  miles  wide,  described  and  mapped  by  Grant  and  Higgins.^  The 
junior  author  spent  several  hours  on  Latouche  Island  in  1904  and  again  in  1910.  So 
much  snow  remained  in  the  cirques  in  August  and  September  of  each  year  that  it  seems 
quite  likely  that  the  larger  cirques  still  contain  small,  inactive,  ice  masses. 

Moniague  Island,  This,  the  largest  island  in  Prince  William  Sound,  has  a  total  length 
of  over  50  miles  and  a  width  of  from  8  to  10  miles.  It  extends  northeast  and  southwest 
across  the  mouth  of  the  sound,  nearly  parallel  to  the  trend  of  Latouche  and  adjacent 
islands,  being  separated  from  Latouche  and  Knight  Islands  by  Montague  Strait.  The 
island  is  mountainous  throughout,  the  highest  peaks,  including  Montague  Peak  near 
the  eastern  end,  lying  on  the  ocean  side.  The  mountains  rise  to  elevations  of  from 
8500  to  4500  feet,  and  one  of  the  higher  peaks  near  the  middle  of  the  island  reaches 
5641  feet. 

The  higher  summits  of  Montague  Island  throughout  the  whole  of  its  length  are  snow- 
capped during  the  entire  year,  and  probably  feed  a  number  of  moderate-sized  gladers* 
those  on  the  side  toward  Prince  William  Sound  being  the  largest.  One  or  two  of 
these  glaciers,  in  the  region  south  of  Green  Island,  were  seen  by  us  from  a  distance  in 
1910;  but  since  Montague  Island  is  largdy  unexplored  none  of  these  glaciers  have  as 
yet  been  shown  upon  a  map. 

Extensive  local  glacial  erosion  on  Montague  Island  is  indicated  by  scores  of  cirques 
in  the  higher  parts  of  the  island  and  by  hanging  valleys,  visible  from  Prince  William 
Sound.  There  are  also  smaller  cirques  on  the  southwestern  side  of  the  island,  showing 
that  local  glaciers  formerly  descended  toward  the  Pacific  Ocean. 

Hinchinbrook  and  Hawkins  Islands.  Hinchinbrook  and  Hawkins  Islands,  northeast 
of  Montague  Island,  separate  the  eastern  part  of  Prince  William  Sound  from  the  Pacific. 
Hawkins  Island  is  22  miles  long  and  8  to  4}  miles  wide.  Its  highest  peaks  are  1846  to 
2025  feet  high  and  are  not  known  to  contain  any  glaciers,  though  cirques  give  evidence 
of  former  local  glaciation. 

Hinchinbrook  Island  is  22}  miles  long  and  18  miles  wide.  The  northern  part  of  the 
island  has  a  low  foreland,  south  of  which  are  peaks  from  1427  to  2910  feet  high.  Several 
of  these  peaks  retain  snow  throughout  the  summer,  and  there  are  small  ice  masses,  spoken 
of  by  Seton  Karr  *  as  "" comparatively  insignificant  glaciers."  None  of  these  ice  tongues 
has  ever  been  mapped. 

>  Grant,  U.  S.  and  Higgina,  D.  F.,  Bull.  448,  U.  S.  Geol.  Survey,  1910,  p.  19,  Fig.  8,  on  p.  SO,  and  PI.  XH, 
Inpodiet. 

s  Seton  Karr,  H.  W.,  Sioies  and  Alpf  of  Alaska,  London,  1887,  p.  198. 
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There  are  many  cirques  in  the  high,  northern  part  of  the  island,  showing  that  there  has 
be^  extensive  local  glaciation  here.  The  southern  part  of  the  island  is  plateau-like, 
having  no  rugged  topography  but  a  broad,  rolling  upland  with  rounded  summits,  the 
highest  of  which  are  Signal  Mountain,  1546  feet  high,  on  the  southwestern  end  near 
Port  Etches,  some  elevations  of  2260  feet  near  the  middle  of  the  island,  and  summits 
1709  feet  high  near  the  eastern  end.  This  southern  half  of  the  island  has  extensive 
cirques,  a  number  of  conspicuous  ones  cutting  into  the  plateau-like  upland,  with  valleys 
extending  northward  to  Port  Etches  (PI.  CLXXXIII). 

* 
Glaciers  of  Eastern  Prince  William  Soxtnd 

Among  the  fiords  of  eastern  Prince  William  Sound,  Valdez  Arm  and  Port  Valdez  in 
the  northeastern  comer  have  already  been  described  (Chapter  XIII).  The  fiords  south 
of  this  are  Port  Fidalgo,  Port  Gravina,  Sheep  Bay,  Simpson  Bay,  Orca  or  Cordova  Bay» 
and  Orca  Inlet. 

Port  Fidalgo — Topography,  Port  Fidalgo,  which  has  also  been  called  Fidalgo  Bay,  is 
the  largest  of  the  fiords  on  the  eastern  side  of  Prince  William  Sound,  south  of  Valdez 
Arm.  It  is  25  to  88  miles  long,  as  shown  by  different  maps,  and  5}  miles  wide  at  the 
mouth  decreasing  to  two  miles  or  less  inside  the  fiord.  Its  general  course  from  Prince 
William  Sound  is  east-northeast,  but  near  the  head  it  turns  at  a  sharp  angle  and  trends 
southeastward.  There  are  a  number  of  tributary  bays,  including  Snug  Comer  Cove» 
Two  Moon  or  Bowie  Bay,  Irish  Cove,  and  Whalen  Bay  on  the  southern  side,  and  Fish» 
Landlocked,  and  Boulder  Bays  on  the  north.  The  latter  is  also  connected  with  Valdes 
Arm  through  Tatitlek  Narrows,  behind  Bligh  Island,  which  lies  north  of  the  entrance  to 
Port  Fidalgo.    Goose  Island  lies  south  of  the  entrance. 

This  fiord  extends  far  back  into  the  Chugach  Mountains.  Near  the  entrance  the  fiord 
walls  rise  1600  to  8000  feet  close  to  the  water's  edge,  back  of  a  narrow  fringe  of  foreland* 
but  there  are  many  peaks  rising  to  greater  heights,  among  them  being  Copper  Mountain* 
8880  feet,  and  Mt.  Denson,  5886  feet.  There  has  been  no  detailed  topographic  survey 
in  the  eastern  half  of  Port  Fidalgo,  but  the  fiord  walls  there  seem  to  be  still  steeper 
and  there  are  peaks  rising  to  8721  feet,  5558  feet,  and  5182  feet,  while  there  are  many 
higher  ones  in  the  Chugach  Mountains  still  farther  to  the  east. 

Contracted  Condition  of  Glaciers.  The  glaciers  of  this  fiord  are  very  small  and  long 
ago  receded  far  into  the  mountains,  from  which  they  have  not  projected  far  enough  to 
be  tidal  since  before  1778.  A  great  many  mountains  about  the  eastern  end  of  Port 
Fidalgo  are  snow-capped  throughout  the  summer,  and  there  are  probably  many  moderate- 
sized  glaciers,  besides  the  few  small  ones  visible  from  the  entrance  to  the  fiord.  The 
only  ones  thus  far  shown  upon  a  map  are  the  glacier  on  Mt.  Denson  and  a  little  ice  tongue 
terminating  half  a  mile  or  so  northeast  of  the  head  of  Port  Fidalgo.  Doubtless  the 
unexplored  mountain  valleys  contain  fair-sized  glaciers,  fed  by  the  extensive  snowfields 
of  this  portion  of  the  Chugach  Mountains. 

This  fiord  was  visited  by  Cook  in  1778,  Meares  in  1786,  Dixon  in  1787,  Fidalgo  in  1790, 
and  Johnstone  in  1794,  but  none  of  these  explorers  mention  floating  ice,  from  which  we 
infer  that  there  was  no  tidal  glacier  within  it  in  the  latter  part  of  the  eighteenth  century. 
Their  descriptions  of  the  snow-capped  mountains  suggest  conditions  not  unlike  those  at 
present. 


OTHER  GLACIERS  OF  PRINCE  WILLIAM  SOUND  888 

PetFoff  intimates  ^  that  some  of  the  early  Russian  accomits  to  which  he  had  access, 
suggested  a  tidal  glacier  in  Port  Fidalgo,  and  in  one  place  he  speaks  of  the  ''tremendous 
glaciers  "  in  Port  Fidalgo.  As  he  seems  to  have  made  a  mistake  with  regard  to  the  Valdez 
Glacier  being  tidal  at  the  same  time  and  Columbia  Bay  having  no  tidal  glacier,  it  is 
quite  possible  that  he  is  in  error  about  the  fiord  in  which  these  glaciers  were  located. 

In  May,  1898,  Port  Fidalgo  was  explored  by  F.  C.  Schrader  *  who  found  no  tidewater 
glaciers,  but  reported  that  ''the  shore  is  mountainous  throughout,  some  of  the  moun* 
tains  rising  to  a  height  of  4000  feet,  imo  a  region  of  perpetual  snow  and  glaciers,  espe- 
cially on  the  north  and  east.  Two  mountain  streams  of  considerable  size,  and  apparently 
of  glacial  origin  enter  the  inlet  near  the  head — one  from  the  north  and  one  from  the  east. 
They  have  done  much  toward  silting  up  the  inlet,  and  flow  over  extensive  deltoid  deposits 
of  gravel  and  mud  fiats  at  their  mouths,  especially  at  low  tide."  In  this  year  Emil 
Mahlo  made  a  rough  contour  map  of  Port  Fidalgo,  without  mapping  any  of  the  glaciers. 

The  U.  S.  Coast  and  Geodetic  Survey  parties  '  in  1901  and  1908  mapped  a  small  ice 
mass  on  the  slopes  of  Mt.  Denson.  Grant  and  Higgins  made  a  geological  map  of  Port 
Fidalgo  in  1908,^  showing  one  small  non-tidal  ice  tongue  near  the  head  of  the  fiord. 
Excepting  at  Goose  Island  our  own  knowledge  of  Port  Fidalgo,  as  well  as  the  fiords 
of  Port  Gravina,  and  Sheep  and  Simpson  Bays  at  the  south,  are  based  entirely  upon 
observations  from  the  steamers  and  from  launch  trips  past  the  mouths  of  these  indenta- 
tions. 

GlaciaHon  Above  Sea  Level.  The  fiord  walls  above  sea  level  suggest  the  same  profound 
glacial  erosion  observed  in  the  parts  of  Prince  William  Sound  already  described.  There 
are  cirques  in  the  mountains  and  the  fiord  walls  are  roimded  and  smoothed.  Bligh  Is- 
land (1634  feet  high),  north  of  the  entrance  of  Port  Fidalgo,  has  the  rounded  form  that 
shows  it  was  completely  overridden  by  ice.  On  the  eastern  side  of  Tatitlek  Narrows, 
near  EUamer,  the  height  of  glaciation  determined  by  Grant  *  and  Capps  ^  was  2800  to 
8000  feet.  Goose  Island  (820  feet  high),  south  of  the  entrance  of  Port  Fidalgo,  has  the 
rounded  form  resulting  from  complete  overriding  by  the  glacier.  The  steepened  slope  of 
Knowles  Head,  between  Ports  Fidalgo  and  Gravina,  is  interpreted  as  the  result  of  glacial 
erosion  rather  than  of  wave  work,  which  does  not  at  present  reach  its  base,  the  promi- 
nent yellowish  landslide  upon  its  face  being  an  indirect  recent  result  of  glacial  oversteep- 
ening. 

Submarine  Form  of  Fiord  Through  Glaciation.  Below  sea  level  the  soundings  also 
indicate  extensive  glacial  erosion.  No  soundings  have  been  made  in  the  eastern  half  of 
Port  Fidalgo  beyond  Fish  Bay;  but  from  this  point  westward  to  Prince  William  Sound 
the  detailed  soundings  by  the  Coast  Survey  ^  show  that  the  outer  part  of  the  fiord  has  a 
depth  of  54£  to  714  feet,  with  a  slight  westward  upgrade  in  the  broad  outer  part  where 
glacial  erosion  was  less  effective  because  the  fiord  walls  are  farther  apart.    The  cross- 

>  Petroff,  Ivan,  Population,  Industries  and  Resources  of  Alaska,  Tenth  Census  of  the  United  States,  1880, 
Vol.  VIII.  1884.  p.  27. 

s  Schrader,  F.  .€..  A  Reconnaissance  of  a  Part  of  Prince  William  Sound,  and  the  Copper  River  District,  Alaska, 
in  1898.  20th  Ann.  Rept..  U.  S.  Geol.  Survey,  Part  VII,  1900,  pp.  854  and  880. 

*  U.  S.  Coast  and  Geod.  Survey,  Chart  8519,  1907. 

«  Grant,  U.  S.  and  Higgins,  D.  P.,  Bull.  448.  U.  S.  Geol.  Survey,  1910,  PI.  I,  fadng  p.  10,  PI.  11,  in  pocket 

*  Op.  cit..  p.  19. 

*  Capps,  S.  R.  and  Johnson,  B.  L.,  Bull.  542.  U.  S.  Geol.  Survey.  1913.  p.  89. 
r  U.  S.  Coast  and^Geod  Survey,  Charts  8519  and  8550. 
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section  of  the  fiord  is  broadly  U-shaped,  the  sides  descending  to  a  depth  of  600  feet  in 
three-eighths  of  a  mile.  For  a  width  of  1|  to  1}  miles  there  is  rather  fiat  bottom  at  a 
depth  of  about  600  feet. 

Submerged  Hanging  VflUeys.  All  of  the  bays  tributary  to  western  Port  Fidalgo  are 
submerged  hanging  valleys.  Fish  Bay  (PI.  CXLVI),  which  is  90  to  96  feet  deep  at  the 
mouth,  hangs  at  least  500  feet;  the  bottom  of  the  unnamed  cove  on  the  southern  side 
of  the  fiord  opposite  Fish  Bay  is  hanging  a  little  less;  while  Landlocked,  Boulder  and 
Bowie  Bays,  and  Snug  Comer  Cove  hang  still  less  above  the  bottom  of  the  fiord,  as 
would  be  natural  with  the  greater  size  of  these  bays  and  of  the  tributaiy  ice  tongues 
which  formerly  occupied  them.  Port  Fidalgo,  714  feet  deep  at  the  mouth,  is  itself  a 
submerged  hanging  valley  in  relation  to  Prince  William  Soimd,  which  in  a  distance  of 
2|  miles  reaches  a  depth  of  1350  feet.  This  fiord,  therefore,  hangs  over  600  feet  above 
Prince  William  Sound,  where  the  larger  glacier  presumably  eroded  more  effectively  than 
the  Port  Fidalgo  Glacier.  The  channel  between  Goose  Island  and  Porcupine  Point  at 
the  southern  entrance  to  Port  Fidalgo,  which  has  an  average  depth  of  less  than  50  feet, 
and  a  maximum  depth  of  150  feet,  shows  a  similar  hanging  relationship  at  both  the 
northern  and  southern  ends. 

Tatitlek  Narrows,  with  depths  of  66  feet  or  less,  hangs  90  feet  or  more  above  Boulder 
Bay,  which  itself  hangs  twice  that  amoimt  above  Port  Fidalgo.  Tatitlek  Narrows  also 
hangs  above  Valdez  Arm  (Fig.  ^)  at  the  northern  end.  Grant  and  Higgins  state  ^ 
that  this  strait  lies  in  a  belt  of  weak  black  slates  and  has  an  island  of  resistant  diabase. 
These  narrows  constitute  a  submerged  hanging  valley  of  the  third  order,  being  disccmlant 
in  relation  to  Boulder  Bay  which  hangs  above  Port  Fidalgo  which,  in  turn,  hangs  above 
Prince  William  Sound. 

Glacial  Deposits.  The  deposits  in  the  explored  portion  of  this  fiord  are  shown  by  the 
Coast  Survey  chart  to  be  almost  uniformly  soft  or  sticky  blue  mud  or  fine  sand.  We 
have  little  information  about  the  glacial  deposits  above  sea  level  along  the  sides  of  Port 
Fidalgo  and  the  tributary  valleys.  There  are  small  terraces  of  outwash  gravel  near  the 
entrance  of  the  fiord.  Bligh  Island  has  "gravel  deposits  containing  exotic  materials," 
as  Schrader  and  Spencer  noted  in  1900,'  and  there  is  also  till  with  foreign  materials  on 
Goose  Island,  as  we  observed  in  1910. 

Port  Gravina.  Port  Gravina,  southeast  of  Port  Fidalgo,  is  of  smaller  size,  having  a 
length  vai^'ing  from  13  to  16  miles,  as  shown  on  different  maps.  It  flares  open  rather 
widely  at  the  mouth,  where  it  is  half  as  wide  again  as  Port  Fidalgo.  This  fiord  extends 
back  into  the  Chugach  Mountains,  with  peaks  on  either  side  rising  to  about  the  same 
heights  as  those  around  Port  Fidalgo  and  with  steep  walls,  those  on  the  southern  side 
rising  to  216£  feet  within  half  a  mile  of  the  shore. 

Most  if  not  all  of  the  glaciers  about  the  head  of  Port  Gravina  are  small  and  only  a  few 
of  them  have  even  been  indicated  upon  maps,  two  small  ones,  sketched  from  a  distance, 
being  shown  on  the  Grant  and  Higgins  map.  None  of  them  has  been  studied  by  any 
persons  exploring  Prince  William  Sound,  and  we  observed  them  only  from  a  distance 
near  the  mouth  of  the  fiord.  Glacial  erosion  and  glacial  deposits  have  not  been  investi- 
gated as  yet,  and  there  are  no  soundings  at  Port  Gravina,  so  that  we  lack  all  specific 

»  Op.  cit.,  p.  60. 

>  Schrader,  F.  C.  and  Spencer,  A.  C,  Geology  and  Mineral  Resources  of  a  Portion  of  the  Copper  River  Dit- 
trict,  Alaska,  House  Doc.  546,  56th  Congress,  2nd  Session,  Washington,  1901,  p.  81. 
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information  about  conditions  here  except  in  connection  with  certain  gravel  deposits 
near  the  entrance. 

Orca  Bay  and  Orca  Inlet — Topography.  These  two  inlets  border  Hawkins  Island  on 
the  northern  and  southern  sides,  Orca  Bay,  which  has  also  been  called  Cordova  Bay» 
being  tributary  to  Prince  William  Sound  just  south  of  Port  Gravina,  while  Orca  Inlet 
opens  into  the  Pacific  Ocean  south  of  Hawkins  and  east  of  Hinchinbrook  Island.  The 
two  inlets  unite  east  of  Salmo  Point  on  the  eastern  end  of  Hawkins  Island,  forming  a 
fiord  6}  miles  in  length  with  a  width  of  a  little  less  than  1}  miles,  at  the  upper  end. 

Orca  Bay  extends  westward  from  Salmo  Point  for  at  least  18  miles,  increasing  greatly 
in  width,  so  that  between  Gravina  Point  and  Hawkins  Island  Cutoff  it  has  a  breadth  of 
7}  miles.  Simpson  and  Sheep  Bays  are  its  tributaries  on  the  northern  side,  and  on  the 
southern  side  are  Windy  Bay,  Cedar  Bay,  and  numerous  other  small  indentations,  such 
as  Hawkins  Island  Cutoff  and  Canoe  Passage,  which  connect  this  part  of  Prince  William 
Sound  with  Orca  Inlet  and  the  Pacific  Ocean. 

Orca  Inlet  extends  southwestward  for  about  16  miles,  not  including  the  portion  east 
of  Salmo  Point  nor  that  leading  to  Hawkins  Island  Cutoff,  increasing  in  width  to  8  miles. 
Odiak  Slough  enters  Orca  Inlet  at  the  town  of  Cordova.  A  great  contrast  between  Orca 
Inlet  and  Orca  Bay  is  that  the  southwestern  two-thirds  of  the  former  is  so  shallow  that 
it  is  navigable  only  by  small  boats,  while  the  latter  is  a  deep  fiord,  traversed  by  ships  on 
their  way  to  Cordova. 

The  shores  of  both  Orca  Inlet  and  Orca  Bay  are  high  and  steep,  as  in  the  case  of  the 
other  fiords  of  western  Prince  William  Sound,  though  in  each  case  the  outer,  western 
portions  are  much  lower  than  the  inner  portions.  The  eastern  half  of  each  of  these  inlets 
has  walk  rising  to  elevations  of  2000  to  8000  feet  or  more. 

Size  of  Olaciers.  The  largest  glaciers  at  present  known  to  be  tributary  to  any  of  the 
fiords  of  eastern  Prince  William  Sound,  excepting  Port  Valdez,  descend  from  the  snow- 
capped mountains  east  of  the  end  of  Orca  Inlet.  The  greater  size  of  these  ice  tongues 
is  perhaps  due  to  the  fact  that  this  part  of  the  Chugach  Moimtains  is  higher  than  that 
near  the  heads  of  Ports  Fidalgo  and  Gravina,  or  perhaps  to  the  heavier  precipitation 
upon  this  portion  of  the  mountains  nearest  the  ocean.  The  largest  of  these  glaciers, 
none  of  which  reach  tidewater,  is  Shephard  Glacier. 

Shephard  and  Adjacent  Glaciers,  Shephard  Glacier  which  has  not  been  visited  or  stud- 
ied by  any  geologist,  though  roughly  mapped  from  a  distance  by  Grant  and  Higgins,^  (PL 
XCIII)  comes  from  snowfields  a  considerable  distance  back  in  the  mountains.  It  flows 
southwestward  from  the  portion  of  the  Chugach  Mountains  east  of  the  head  of  Orca  Inlet, 
and  has  an  unusually  irregular  shape.  The  upper  part  has  a  width  of  about  1^  miles, 
and  sends  two  distributary  ice  tongues  northward  about  a  mile  into  the  valley  which 
continues  northeastward  from  the  head  of  Orca  Inlet.  Below  these  distributaries  the 
main  glacier  continues  southwestward,  for  about  8}  miles,  with  an  average  width  of  f 
of  a  mile,  the  terminus  being  2}  miles  east  of  the  head  of  Orca  Inlet.  From  this  terminus 
of  Shephard  Glacier  a  stream  flows  to  Eyak  Lake,  through  a  valley  which  parallels  Orca 
Inlet.  Another  glacial  distributary  east  of  the  main  ice  tongue  flows  southward  for  about 
1}  miles  and  gives  rise  to  Ibeck  Creek  which  joins  the  stream  of  Scott  Glacier  which  flows 
into  the  Pacific  Ocean  east  of  the  valley  of  Eyak  Lake.  Shephard  Glacier,  therefore,  has 
(a)  one  small  distributary  whose  glacial  stream  flows  directly  into  the  Pacific  Ocean; 

I  Bull.  448,  U.  S.  Geol.  Survey,  1910,  Pb.  I  and  11;  Ibid.,  Bull.  879, 1909,  PI.  IV,  facing  p.  88. 
25 


886  ALASKAN  GLACIER  STUDIES 

(b)  a  main  ice  tongue  whose  stream  flows  into  Eyak  Lake,  which  drains  by 
Slough  over  the  Co])per  River  delta  to  the  Pacific  Ocean;  and  (c)  two  smaller  distribu- 
taries, which  send  streams  directly  to  the  head  of  Orca  Inlet. 

Since  we  have  not  visited  Shephard  Glacier  we  lack  further  information  about  iL 
There  are  two  unnamed  ice  tongues  to  the  north,  each  of  which  is  over  half  a  mile  in  width. 
Their  streams  join  the  one  from  Shephard  Glacier  which  flows  to  the  head  of  Orca  InleL 

Glaciers  of  Sheep  and  Simpson  Bays.  The  mountains  at  the  head  of  Sheep  and  Simp« 
son  Bays  rise  precipitously  to  a  considerable  height  and  have  small  glaciers,  none  of  which 
have  been  mapped  or  observed  from  nearer  than  the  entrance  to  these  bays.  The  fiord 
walls  are  very  steep,  the  northwestern  side  of  Sheep  Bay  rising  to  an  elevation  of  2520 
feet  within  a  mile  of  sea  level.  There  are  many  large  cirques  in  these  mountains,  due  to 
extensive  former  local  glaciation.  Within  Sheep  Bay  the  depth  of  water  varies  from  144 
to  800  feet  with  a  shallower  inner  portion  studded  with  islands,  suggesting  that  there  has 
never  been  a  very  great  glacier  extending  from  the  head  of  this  inlet.  The  upper  part  of 
Simpson  Bay  is  also  irregular,  with  large  peninsulas. 

Glacial  Erosion  in  Orca  Bay  and  Orca  Inlet.  These  arms  of  the  sea  are  typical  fiords 
and  have  the  usual  characteristics  of  marked  modification  by  glacial  erosion.  The  higher 
mountains  at  the  head  of  Orca  Inlet  and  Simpson  and  Sheep  Bays,  have  large  areas  of 
rounded,  bare  rock  and  many  cirques  and  hanging  valleys.  Some  of  the  lower  slopes 
of  the  fiord  walls  are  much  oversteepened  by  glacial  erosion,  the  southeastern  side  of 
Orca  Inlet,  between  Orca  cannery  and  Cordova,  for  instance,  rising  to  1600  feet  within 
a  half  mile  of  sea  level,  but  only  898  feet  in  the  next  half  mile.  All  of  the  fiord  walb  do 
not  rise  so  steeply,  however,  and  parts  of  outer  Orca  Bay  have  rather  low,  sloping  shores. 
In  Orca  Inlet  the  smoothing  by  t^e  former  !ce  tongue  extends  up  to  2800  feet,  and  north 
of  Orca  Bay  to  2500  feet,  as  estimated  by  Grant  and  Higgins.^  In  tiie  tovvn  of  Cordova 
observations  of  the  direction  of  striae,  by  the  junior  author  in  1910,  make  it  clear  that  the 
ice  of  one  of  the  expanded  lobes  of  Shephard  Glacier  advanced  down  the  valley  of  Eyak 
Lake,  and  spilled  over  into  Orca  Inlet.  This  resulted  in  notable  shortening  of  the  spur 
upon  which  Cordova  is  built. 

Glacial  erosion  below  sea  level  is  shown  very  well  by  the  detailed  soundings  on  the 
Coast  Surv^ey  charts.'  Orca  Bay  has  a  depth  of  198  feet  at  Salmo  Point,  and  deepens 
rapidly  to  744  feet  opposite  Simpson  Bay,  7^  miles  from  Salmo  Point;  but  this  is  an  ex- 
ceptional depth,  for  in  the  next  11  miles,  westward  to  the  mouth,  the  depth  is  only  400 
to  500  feet.  The  portion  opposite  the  mouth  of  Simpson  Bay  may  be  a  basin  due  to 
glacial  scooping.  Near  its  outer  edge  there  are  rock  reefs  including  Hanks  Island,  Gath- 
erer Rock,  and  a  series  of  shoals  which  extend  nearly  halfway  across  Orca  Bay.  Sheep 
Bay,  which  is  as  wide  at  the  mouth  as  Orca  Bay  at  this  point,  does  not  appear  to  have 
a  hanging  relationship  to  Orca  Bay.  Simpson  Bay  occupies  a  submerged  hanging  valley» 
being  120  to  836  feet  deep  at  the  entrance,  while  just  outside  the  lip  of  the  hanging  valley, 
the  depth  is  516  feet,  a  discordance  of  at  least  180  feet.  Windy  Bay,  on  the  southern 
side  of  Orca  Bay,  is  a  submerged  hanging  valley,  having  a  depth  of  114  to  174  feet  at  the 
entrance  and  hanging  546  feet  above  the  bed  of  Orca  Bay,  which  is  here  720  feet  deep. 
Both  Canoe  Passage  and  Hawkins  Island  Cutoff  are  apparently  hanging  valleys,  but 
there  is  an  unknown  thickness  of  deposit  in  each. 

i  Grant,  U.  S.  and  BSggins,  D.  P..  Bull.  448,  U.  S.  Gedi.  Surv^  1010,  p.  10. 
« U.  S.  Coast  and  Geod.  Sunrqr*  Chartt  8580  and  8550. 
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The  amount  of  glacial  erosion  below  sea  level  in  most  of  Orca  Inlet  is  entirely  concealed 
by  deposits.  The  part  of  Orca  Inlet  from  Cordova  to  the  head  has  depths  of  from  90 
to  2^8  feet  east  of  Salmo  Point,  but  is  much  shallower  from  that  point  to  Cordova,  with 
depths  of  from  6  to  SO  or  40  feet  and  with  many  shoals  and  a  few  navigable  channels  in 
which  the  maximum  depth  of  water  is  90  feet.  Southwestward  from  Cordova  the  depth 
is  generally  12  feet  or  less,  excepting  for  one  or  two  small  discontinuous  channels.  Thus 
it  is  evident  that  Orca  Inlet  differs  from  all  the  other  fiords  in  Prince  William  Sound, 
and  indeed  from  most  Alaskan  fiords,  in  being  shallow.  It  is  a  fiord  nevertheless  but 
one  very  much  modified  by  deposition. 

Glacial  Deposits  on  the  Land.  Glacial  deposits  around  Orca  Bay  and  Orca  Inlet  are 
inconspicuous,  being  thin  or  absent  because  of  the  steepness  of  the  fiord  walls.  Uncon- 
solidated till  with  striated,  angular  bowlders  may  be  seen  in  a  number  of  cliffs  along  the 
coast,  near  Cordova,  and  in  the  town.  There  are  also  small  patches  of  outwash  gravel* 
including  several  near  the  town  of  Cordova.  The  largest  area  where  these  are  developed, 
so  far  as  we  know,  is  a  large  valley  train,  described  to  us  by  prospectors  as  occupying 
the  valley  which  leads  northeastward,  from  the  head  of  Orca  Inlet  to  the  northern  margin 
of  Shephard  Glacier  and  the  adjacent  ice  tongues.  There  are  small  terraces  of  outwash 
gravel  on  the  mainland  north  of  Orca  Bay,  and  on  the  northern  side  of  Hawkins  Island 
at  the  narrowest  portion  of  the  Salmo  Point  peninsula. 

Submerged  Glacial  Deposits.  In  these  fiords  the  glacial  deposits  below  sea  level  are 
the  most  extensive  and  we  shall  describe  in  order  (1)  the  bottom  deposits  of  Orca  Bay, 
which  do  not  seem  to  form  submerged  moraines  but  mantle  the  bottom  of  the  fiord,  (2) 
the  deposits  which  have  filled  up  the  larger  part  of  Orca  Inlet,  and  (8)  the  Middle  Ground 
Shoal  of  Orca  Bay,  which  is  a  tidal  delta  built  by  glacial  marine  deposits  from  Orca 
Inlet. 

In  the  fiords  of  the  northern  and  western  sides  of  Prince  William  Sound,  the  deposits 
below  sea  level  are  imperfectly  described,  because,  in  connection  with  the  soundings 
which  we  made,  no  samples  of  bottom  material  were  collected.  Accordingly,  we  have 
thus  far  discussed  only  glacial  deposits  on  the  sea  bottom  where  they  stood  up  as  moraines. 
In  Orca  Bay  and  Orca  Inlet  the  detailed  Coast  Survey  charts  furnish  some  indication 
of  bottom  material  as  well  as  depths.  We  can,  therefore,  describe,  in  a  general  way,  the 
bottom  deposits  in  Orca  Bay,  which  seem  to  have  been  made  by  a  greater  glacier  filling 
the  whole  fiord  and  which  probably  retreated  eastward  into  the  mountains  northeast 
of  Orca  Inlet  and  the  mountains  northeast  of  the  heads  of  Sheep  and  Simpson  Bays. 
These  deposits  are  all  to  be  classed  as  glacial,  for  no  sediment-laden  streams  of  any  size 
now  enter  Orca  Bay,  and  the  former  rivers,  whose  deposits  partly  mantle  the  material 
dropped  by  the  retreating  glaciers  and  by  floating  icebergs,  were  all  glacial  streams. 

In  the  eastern  part  of  Orca  Bay,  from  Bomb  Point,  to  the  Salmo  Point  Narrows  the 
chart  indicates  rocky  bottom  and  sand,  a  condition  not  found  elsewhere  in  the  fiord 
excepting  close  to  the  shore.  This  suggests  a  bottom  veneer  of  morainic  deposits.  There 
are  small  patches  of  mud  in  mid-fiord. 

From  this  point  westward  the  fiord  has  a  bottom  of  sticky  or  soft  mud,  evidently 
brought  in  by  tidal  currents,  with  hard  material  only  rarely,  and  with  rocky  bottom  only 
near  shore. 

The  shallow  western  two-thirds  of  Orca  Inlet  has  been  so  modified  by  filling  that 
most  of  it  is  unnavigable,  the  filling  having  been  largely  done  by  tidal  currents,  which  are 
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still  engaged  in  the  same  work.  These  deposits  may  be  spoken  of  as  glacial  deposits 
because  they  were  formerly  and  are  still  being  supplied  almost  entirely  by  streams  from 
melting  glaciers  farther  east»  notably  the  Scott,  Sheridan,  and  Martin  River  Glaciers, 
and  smaller  ice  tongues  along  the  mountain  front,  and  the  Miles,  Childs,  Goodwin,  Allen, 
Heney,  and  other  glaciers  of  the  Copper  River  valley.  The  Copper  River,  a  great  over- 
burdened glacial  stream,  has  built  an  enormous  delta,  coalescing  with  the  deltas  of  Eyak 
and  Martin  Rivers.  Much  of  the  finer  material  is  carried  out  beyond  this  delta  and  is 
drifted  westward  along  shore  and,  since  Orca  Inlet  is  the  first  great  opening  in  the  coast, 
a  large  amount  of  the  sediment  has  been  driven  into  it,  so  nearly  filling  it  that  only  nar- 
row, shallow  channels  are  occupied  by  water  at  low  tide. 

The  third  deposit  of  glacial  origin  below  sea  level,  is  Middle  Ground  Shoal,  a  triangular 
area  projecting  into  Orca  Bay  from  Hawkins  Island  Cutoff,  and  interpreted  as  a  tidal 
delta.  It  is  composed  of  fine  sand  and  clay  similar  to  that  filling  Orca  Inlet  and  derived 
from  the  same  source.  This  sediment  is  part  of  the  material  that  was  drifted  into  Orca 
Inlet  in  suspension,  and  swept  through  Hawkins  Island  Cutoff,  coming  to  rest  where  the 
tidal  currents  are  checked  in  the  broad  outer  portion  of  Orca  Bay. 

This  deltoid  shoal,  5  miles  wide  near  the  land,  extends  northward  3^  miles  into  Orca 
Bay.  It  is  covered  at  mean  low  tide  by  water  only  1}  to  15  feet  deep,  and  has  nar- 
row distributary  channels  21  to  80  feet  in  depth.  At  the  front  and  edges  of  this  tidal 
delta  the  depth  increases  rapidly,  reaching  156  feet  in  a  little  over  a  quarter  of  a  mile 
and  800  or  400  feet  a  little  further  out.  The  triangular  deposit  has,  therefore,  been  built 
in  deep  water  and  is  still  being  extended.  Its  margins  slope  7}^  to  10^.  The  channd 
in  Hawkins  Island  Cutoff  and  the  distributary  channels  on  the  tidal  delta  are  kept  open 
by  the  tide,  whidi  moves  both  ways  through  the  strait. 
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General  Relationshifs 

The  glaciers  described  in  this  chapter  include: — (1)  the  Scott,  Sheridan,  and  Sherman 
Glaciers,  between  the  town  of  Cordova  and  the  Copper  River;  (2)  the  Goodwin,  Fickett, 
Saddlebag,  and  McPherson  Glaciers,  a  group  of  ice  tongues  on  each  side  of  Copper  River 
between  its  delta  and  the  Childs  and  Miles  Glaciers;  and  (8)  Johnson  and  Martin  River 
Glaciers,  east  of  the  Copper  River  delta  at  the  base  of  the  Chugach  Mountains.  Some  of 
these  glaciers  drain  into  the  Copper  River  but  the  streams  from  three  of  the  largest  ice 
tongues  pursue  independent  courses  to  the  sea,  forming  outwash  gravel  plains  and  deltas* 
which  coalesce  with  the  great  delta  of  the  Copper  River. 

Glaciers  West  of  Copper  River 

Scoti  Glacier — Oeneral  Description,  There  are  several  small  glaciers  in  cirques  along 
the  mountain  front,  but  Scott  Glacier  is  the  first  large  ice  tongue  seen  from  the  Copper 
River  and  Northwestern  Railway  between  Cordova  and  the  Copper  River.  It  occupies 
a  valley  immediately  east  of  the  mountain  ridge  in  which  Eyak  Lake  lies  and  has  a  known 
length  of  nearly  six  miles  and  a  width  of  about  a  mile  near  the  terminus  where  there  is  a 
lake  half  a  mile  long. 

The  siuf ace  of  Scott  Glacier  does  not  seem  from  a  distance  to  be  much  crevassed  and 
there  are  several  medial  moraines.  We  lack  further  information  about  it,  however, 
not  having  seen  it  from  nearer  than  the  railway,  a  distance  of  7  miles.  No  one  interested 
in  glaciers  seems  to  have  visited  or  described  it  and  the  only  general  representations  of 
it  upon  mi^s  were  made  by  Allen  ^  in  1885,  Abercrombie  *  in  1898,  and  Grant  and  Hig- 
gins*inl008. 

Otdwaeh  Plain.  Between  the  glacier  and  the  railway  is  an  extensive  outwash  gravel 
plain,  parts  of  which  are  still  being  built  up  by  Eyak  River  and  by  the  heavily-laden 
stream  from  Scott  Glacier,  which  is  reinforced  by  a  stream  from  one  of  the  eastern  lobes 
of  Shephard  Glacier.  Where  these  streams  are  actively  building,  the  plain  is  barren, 
but  the  portions  of  it  over  which  streams  have  not  recently  worked  are  heavily  forested, 
and  some  parts  between  the  railway  and  the  ocean  are  extensive  grassy  marshes. 

Sheridan  Glacier — PrefAous  Descriptions.    Sheridan  Glacier  is  a  conspicuous  ice  tongue, 

1  Allen,  Heniy  T.,  Report  of  a  Bfilitary  Reooimoimiioe  in  Alaska,  NarratiTes  of  Explorations  in  Alaska. 
Senate  Rept.  1028,  56th  Congress,  1st  Session,  Washington,  1900,  map  facing  p.  434. 

>  Abercrombie,  W.  R.,  War  Dept.,  Adj.-Gen.  Office,  No.  XXV,  1890,  map  in  pocket.  Abercrombie  doubt- 
less made  maps  in  1884  of  this  biA  some  of  the  other  leaders  described  in  this  diapter,  but  they  were  not 
published  in  his  rqwrt  and  are  not  now  on  file  at  the  War  Department. 

*  Grant,  U.  S.  and  BSggins,  D.  F.,  BuU.  879,  U.  S.  Geol.  Surv^,  1909,  PI.  IV,  facing  p.  88;  Ibid^  BuU.  449, 
1910,  Fls.  I  and  IL 
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about  15  miles  east  of  Cordova  (PL  XCIII),  terminating  a  little  over  2  miles  north  of 
the  railway.  It  has  been  briefly  mentioned  and  sketched  upon  maps  by  Abercrombie  '  in 
1884  and  1898,  Seton  Kan*  m  1886,  and  Witherspoon'  in  1900  and  1911.  Our  own 
observations  are  based  upon  two  days  work  in  1910  by  the  junior  author  and  general 
views  from  the  railway  in  1909  and  1911. 

Valley  Portion.  The  glacier  has  a  well-defined  valley  portion,  rising  in  snowfields  5000 
or  6000  feet  above  sea  level  and  supplied  by  at  least  two  main  tributaries.  Four  or  five 
cascading  ice  tongues  reach  the  glacier,  and  there  are  two  or  three  hanging  glaciers  which 
no  longer  supply  ice  to  it.  The  valley  tongue  of  Sheridan  Glacier  is  about  a  mile  wide 
and  at  least  5^  miles  long.  It  is  clean  and  little  crevassed  and  has  one  weak  medial 
moraine  near  the  eastern  margin. 

Btdb-Shaped  Terminus.  Beyond  the  mountain  face  the  glacier  expands  into  a  bulb- 
shaped  terminus,  sloping  in  all  directions  from  the  mouth  of  the  valley.  This  bulb,  is 
over  4  miles  long  and  8  miles  wide,  terminating  about  150  feet  above  sea  level.  Most  of 
its  surface  is  without  moraine  and  it  was  little  crevassed  in  1910.  The  terminus,  however, 
bears  a  narrow  band  of  ablation  moraine,  broadest  near  the  western  edge.  Close  to  the 
front  of  Sheridan  Glacier  bulb  is  a  low,  narrow  terminal  moraine,  covered  with  a  thick 
growth  of  alder,  cottonwood  and  some  conifers. 

Seton  Karr's  drawing  and  description  of  the  glacier  in  1886  *  makes  it  clear  that  the 
expansion  of  the  bulb  took  place  more  than  ^  years  ago  and  that  there  has  been  little 
recession  since  that  time.  The  presence  of  thick  mature  forest  up  to  the  very  edge  of 
the  bulb  indicates  that  the  glacier  has  not  been  more  extensive  for  a  score  of  years,  per- 
haps for  a  century.  A  comparison  of  photographs  shows  that  there  was  no  significant 
change  between  1908  and  1910,  with  the  exception  of  a  slight  thinning  by  ablation;  and 
there  was  no  visible  change  from  1910  to  1911.  At  the  veiy  front  of  the  glacier,  and  east 
of  the  middle,  is  a  great  rock  knob  to  the  summit  of  which  the  ice  rises,  but  without  pass- 
ing over  it  or  covering  the  southern  side.  This  knob  gives  a  convenient  basis  for  deter- 
mining future  oscillations  of  the  front  of  Sheridan  Glacier  in  the  way  of  moderate  advance 
or  of  a  continuation  of  the  very  sUght  recession  which  has  characterized  the  recent  history 
of  the  glacier. 

OtUwdsh  Plain.  Between  the  glacier  and  the  sea  Ues  an  extensive  outwash  plain. 
The  stream  from  the  eastern  edge  of  Sheridan  Glacier,  probably  also  carrying  the  drain- 
age from  Sherman  Glacier,  is  building  an  extensive  alluvial  fan  which  is  separated  from 
the  main  outwash  gravel  plain  by  a  Une  of  forest-covered  hills  near  Mile  17,  several  hun- 
dred feet  high.  A  number  of  other  knobs  and  spurs  rise  like  islands  through  the  out- 
wash  gravels.  East  of  this  alluvial  fan,  the  railway  crosses  several  low  ridges,  some  of 
till,  some  of  rounded  gravels,  and  a  few  of  rock,  and  all  densely  forested.  It  is  clear  that 
these  unconsolidated  ridges  represent  remnants  of  a  terminal  moraine  of  an  eastward 

1  Abercrombie,  W.  R.,  Report  of  a  Supplementary  Expedition  into  the  Copper  River  Valley,  Alaska.  Narra- 
tives of  Explorations  in  Alaska,  Senate  Rept.  1023,  56th  Congress,  Ist  Session*  Washington,  1900,  p.  384;  Ibid^ 
War  Dept.,  Adj.-Gen.  Office,  No.  XXV,  1809,  map  in  pocket 

>  Seton  Karr,  H.  W.,  Shores  and  Alps  of  Alaska,  London,  1887,  pp.  169-171. 

•  Witherspoon,  D.  C,  PI.  11  in  House  Doc.  546, 56th  Congress,  2nd  Session,  1901 ;  also  in  Bull.  374,  U.  S.  GeoL 
Survey,  1909,  PI.  I;  for  detailed  map  made  in  1911,  see  Brooks,  A.  H.  and  others,  Railway  Routes  in  Alaska, 
House  Doc.  1346,  Part  2,  62nd  Congress,  3rd  Session,  Washington,  1913,  Plate  5. 

<  Op.  dt,  p.  171. 
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expansion  of  Sheridan  Glacier,  rather  than  a  westward  expansion  of  the  former  Copper 
River  Glacier. 

A  considerable  portion  of  the  main  outwash  gravel  plain,  north  of  the  railway,  and  of 
the  alluvial  fan  to  the  east  of  it,  is  forested;  but  where  the  present  streams  flow  there  are 
barren  areas  and  extensive  groves  of  dead  trees,  the  lower  portions  of  their  trunks  being 
deeply  buried  in  gravel.  The  killing  of  mature  spruces  by  alluviation  was  still  in  progress 
in  1910.  South  of  the  railway  much  of  the  outwash  gravel  plain  is  covered  with  swamp 
grass  because  it  is  too  wet  for  tree  growth,  while  still  nearer  the  Pacific  there  are  broad 
areas  of  salt  marsh  and  mud  flat. 

Sherman  Glacier — General  Description,  Sherman  Glacier,*  occupying  the  valley  east 
of  Sheridan  Glacier  (PI.  XCIII),  has  its  main  source  3200  feet  above  sea  level  in  the 
mountains  immediately  west  of  the  Copper  River.  It  flows  southwestward  with  a 
length  of  over  7^  miles,  and  a  width  of  1}  miles,  terminating  entirely  within  its  moun- 
tain valley. 

Relation  to  Sheridan  Glacier.  Sheridan  Glacier  bulb  completely  overlaps  the  mouth 
of  this  valley,  but  Sherman  Glacier  supplies  none  of  the  ice  of  the  present  bulb.  The 
early  maps  all  show  Sheridan  and  Sherman  Glaciers  uniting  and  forming  a  piedmont  ice 
mass;  but  this  was  discovered  to  be  an  error  by  the  junior  author  in  1910  and  is  correctly 
represented  on  Witherspoon's  revised  map  of  1911.  A  view  from  the  fan  of  outwash 
gravels  makes  it  clear  that  Sherman  Glacier  is  not  a  tributary,  but  an  independent 
glacier,  though  the  two  may  be  in  actual  contact  in  a  abort  portion  of  the  area  not  visible 
from  our  point  of  observation.  A  rock  hill  rises  through  the  Sheridan  ice  in  one  portion 
of  the  margin.  The  two  glaciers  may  have  fed  one  piedmont  area  at  a  more  expanded 
stage  of  glaciation,  but  it  is  thought  possible  that  both  ice  tongues  had  receded  into  their 
mountain  valleys  before  the  Sheridan  readvanced  and  formed  the  present  ice  bulb. 

Tributaries.  In  addition  to  the  ice  supply  from  the  8200  foot  divide,  Sherman  Glacier 
is  fed  by  three  or  more  steeply  cascading  tributaries,  descending  the  slopes  of  Mt.  Murchi- 
son  ^  from  the  north.  Near  the  terminus  there  are  two  prominent  hanging  valleys  out 
of  the  mouths  of  which  cascading  glaciers  extend,  though  they  do  not  now  reach  down 
to  the  surface  of  the  main  glacier.  There  are  several  weak  medial  moraines,  but  the  sur- 
face of  the  glacier  is  very  clean  and  little  crevassed.  Sherman  Glacier  though  wider  than 
Sheridan  Glacier  in  its  mountain  valley,  and  with  more  medial  moraines,  and  presumably 
more  tributaries,  is  apparently  at  present  the  weaker  of  the  two;  for,  as  indicated  above, 
it  seems  not  to  have  participated  in  the  advance  which  carried  the  bulb  of  the  Sheridan 
out  past  the  Sherman  terminus. 

Through  Glacier.  Rising  on  a  broad  snow  divide,  from  which  a  smaUer  ice  tongue 
extends  eastward  to  the  Copper  River  valley,  Sherman  Glacier  is  an  excellent  iUustration 
of  the  type  of  through  glacier,  for  which  Hobbs '  has  proposed  another  name,  which  to 
us  seems  much  less  suggestive,  figuring  this  glacier  as  an  example.  The  map  upon  which 
he  based  his  figure  ^  is  an  older  one  upon  which  the  topographer  transferred  the  name  of 
Sheridan  Glacier  to  Snerman  Glacier,  though  Abercrombie,  who  named  the  former, 
applied  it  to  the  westernmost  of  these  two  ice  tongues. 

>  Named  in  1910  for  General  W.  T.  Sherman. 

*  Named  in  1910  for  S.  Murchison*  one  of  the  engineers  who  was  prominent  in  the  building  of  the  Copper 
River  and  Northwestern  Railway. 

*  Hobbs,  W.  H.,  Characteristics  of  Existing  Glaciers,  New  Yoris,  1911,  pp.  44-^. 
«  Op.  dt.  Fig.  16,  p.  45. 
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Glaciers  in  the  Lower  Copper  River  Valley 

Fickett  Glacier.^  From  the  8200  foot  divide  of  the  through  glacier  of  which  ShermaQ 
Glacier  is  the  western  end,  an  ice  tongue  descends  eastward  toward  the  Copper  River 
valley.  This  is  Fickett  Glacier,'  an  ice  tongue  nearly  4  miles  long  and  from  half  a  mile 
to  a  mile  wide.  It  descends  over  2500  feet  from  snowfield  to  terminus  and  has  one  steeply- 
cascading  tributaiy  from  a  cirque  on  the  southern  side.  It  is  just  barely  visible  from  the 
Copper  River  railway  and  we  have  not  approached  it  closely. 

Saddlebag  Glacier.  Saddlebag  Glacier  is  a  smaller,  double-ended  through  glacier,  south 
of  Fickett  Glacier.  Its  two  members  rise  on  a  8000  foot  divide,  the  shorter,  eastern 
portion  having  a  length  of  1}  miles  and  terminating  in  the  Copper  River  valley  about 
900  feet  above  sea  level,  while  the  larger,  southern  portion  is  8}  miles  long  and  descends 
to  within  200  feet  of  the  level  of  the  sea.  This  southern  portion  of  the  glacier,  which 
occupies  the  deep  valley  on  the  seaward  face  of  the  Chugach  Mountains,  between  Mc- 
Kinley  Lake  and  Copper  River,  is  a  third  of  a  mile  wide  and  is  fed  not  only  by  the  ice 
tongue  from  the  through  divide,  but  by  a  tributary  from  a  cirque  on  the  west.  A  photo- 
graph by  H.  P.  Ritter  of  the  U.  S.  Coast  and  Geodetic  Survey  shows  that  in  1899  it  was 
dean  and  little  crevassed,  and  had  a  narrow  barren  zone  in  front,  and  a  valley  train  of 
outwash  gravels,  extending  southward  to  Copper  River.  Its  valley  walls,  seen  just 
before  crossing  the  Copper  River  on  the  first  steel  bridge,  have  been  rendered  very  pre- 
cipitous by  glacial  erosion.    There  are  also  small  glaciers  north  of  McKinley  Lake.* 

Goodwin  Glacier.  Goodwin  Glacier,  which  is  immediately  south  of  Childs  Glacier» 
has  a  known  length  of  nearly  7  miles  and  a  width  in  the  moimtain  valley  of  three-fourths 
of  a  mile.  On  emerging  into  Copper  River  valley  it  expands  into  a  piedmont  bulb  between 
two  and  three  miles  in  width.  It  rises  in  cirques  and  snowfields  5000  to  6000  feet  above 
sea  level  on  the  slopes  of  Mt.  Murchison,  and  slopes  gradually,  at  an  angle  of  7^  in  the 
lower  portion,  but  with  no  visible  hanging  valley  relationships.  The  number  of  tribu- 
taries is  not  known,  but  there  are  two  conspicuous  ones  from  the  south,  which,  however* 
give  rise  to  no  medial  moraines.  The  terminus,  rising  about  400  feet  above  the  river, 
does  not  form  an  ice  cUff  in  Copper  River  as  the  Childs  Glacier  does,  but  the  ice  extends 
almost  to  the  water's  edge  being  separated  only  by  a  crescentic  area  of  terminal  moraine 
and  outwash,  most  of  which  is  thickly  covered  with  alders  and  with  scattered  cottonwoods. 
Inside  this  forest  belt  is  a  barren  zone  of  moraine-covered  ice,  also  crescentic  in  form, 
and  extending  up  to  the  clear  ice  of  the  valley  glacier,  where  in  1910  there  were  a  few 
reddish,  moraine-covered  ice  cones  and  some  grayish  ablation  moraine. 

Goodwin  Glacier  is  a  conspicuous  object  from  portions  of  the  Copper  River  and  North- 
western Railway.  It  was  named  by  Abercrombie,^  who  in  1884  camped  upon  a  barren 
part  of  the  outwash  deposit,  and  is  shown,  in  a  general  way,  on  his  1898  map.  This  map 
and  the  allusion  by  Seton  Karr'  to  Goodwin  and  Childs  Glaciers  &s  ice  tongues  which 
spread  out  in  1886  ''with  beautiful  fan-like  shape  to  the  river  level,"  make  it  clear  that 
the  advance  and  expansion  of  the  Goodwin  bulb  took  place  over  25  years  ago.     The 

>  Named  in  1910  for  Fred  W.  Fickett,  the  soldier  who  acoompanied  Lieutenant  Allen  up  the  Copper  River 
in  1885. 

•  Not  Goodwin  Glacier  as  an  early  map  suggested. 

•  See  map  by  D.  C.  Witherspoon,  Bull.  542.  U.  S.  Geol.  Survey.  1913.  PI.  III.  facing  p.  78. 

«  Abercrombie,  W.  R.,  Supplementary  Expedition  into  the  Copper  River  Valley.  Alaska.  Narratives  of  Ex* 
plorations  in  Alaska,  Senate  Rept.  1023.  56th  Congress.  Ist  Session,  Washington,  1900.  p.  387. 

•  Seton  Karr,  H.  W.,  Shores  and  Alps  of  Alaska,  London,  1887,  p.  170. 
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forest  at  the  very  edge  of  the  glacier  proves  that  the  glacier  has  not  been  notably  larger 
for  a  much  greater  period. 

McPherson  Glacier.  McPherson  Glacier  ^  is  a  moderate-sized  ice  tongue  on  the  east- 
em  side  of  Copper  River  south  of  Miles  Glacier.  The  main  ice  tongue  has  a  length  of 
over  4  miles,  and  a  width  at  the  terminus  of  about  a  quarter  of  a  mile.  It  is  fed  by  two 
tributaries  from  the  southeast,  each  about  8  miles  in  length,  the  northernmost  heading 
on  a  6200  foot  divide  from  which  a  tributary  also  flows  northward  to  the  Miles  Glacier. 
This  ice  tongue  is  not  known  to  have  oscillated  significantly  in  recent  years.  It  was 
retreating  when  visited  by  the  junior  author  in  1910. 

In  its  lower  portion  McPherson  Glacier  emerges  from  a  hanging  valley,  and  the  ter- 
minus of  the  glacier  cascades  800  to  1000  feet  over  the  lip  of  this  hanging  valley,  ending 
at  the  base  of  a  steep  rock  slope  at  an  elevation  of  810  feet  above  sea  level.  It  is  a 
conspicuous  object  from  the  railway,  because  of  the  clean,  crevassed  condition  of  this 
terminal  cascade.  That  the  cascading  portion  of  the  glacier  is  thin,  is  proved  by  the 
emergence  of  a  rock  ledge  about  half  way  up  the  slope;  and  it  is  as  little  crevassed  as  a 
glacier  could  be  on  so  steep  a  slope.  This  terminal  ice  cascade  occupies  only  the  southern 
half  of  the  lip  of  the  hanging  valley,  and  that  it  has  recently  diminished  several  hundred 
feet  is  proved  by  a  barren  zone  on  the  northern  side.  For  many  years  the  ice  has  not 
covered  the  remainder  of  the  northern  half  of  the  valley  lip,  for  there  are  dense  thickets 
of  willow  and  alder  and  scattered  spruce  trees  upon  it.  There  is  no  further  evidence  as 
to  recent  changes  in  this  glacier. 

At  a  distance  of  about  100  yards  in  front  of  McPherson  Glacier,  striated,  rounded  rock 
ledges  constrict  the  valley,  and  a  short  distance  farther  west  another  rock  ledge  from  the 
north  projects  part  way  across  the  valley.  On  approaching  McPherson  Glacier  from  the 
railway,  these  ledges  give  one  the  impression  that  they  are  large  terminal  moraines* 
but  although  morainic  material  has  accumulated  on  them,  there  are  no  independent 
moraines  here,  though  there  is  a  low  temunal  moraine  nearer  the  glacier. 

Sheep  Creek,  the  stream  from  McPherson  Glacier,  has  built  an  extensive  outwash 
gravel  plain,  above  the  level  of  which  are  forested  terraces  of  older  outwash.  The  plain 
broadens  westward  and  coalesces  with  the  great  outwash  gravel  plain  of  the  Copper 
River. 

Glacisbs  East  of  Copper  River  Delta 

Johnson  Glacier.  Johnson  Glacier '  (PI.  XCIII),  south  of  McPherson  Glacier,  is  fed 
by  four  long  narrow  tributaries,  the  main  ice  stream  having  a  length  of  5}  miles,  and 
a  width  of  about  half  a  mile  near  the  terminus  which  is  less  than  200  feet  above  sea 
level.  It  is  over  8  miles  from  the  end  of  the  main  glacier  to  the  head  of  the  longest  of 
the  tributaries.  All  these  tributaries  rise  in  snowfields  4000  to  5000  feet  above  sea 
level,  the  longest  one  on  the  north  heading  on  a  divide  which  also  sends  a  tributary 
northward  to  Miles  Glacier.  Each  of  the  tributaries  cascades  steeply  down  the  moun- 
tain slopes. 

>  Named  in  1910  for  J.  L.  McPhenon  of  Seattle  who  made  a  laflway  aurvey  up  the  Copper  River  valley  during 
the  winter  of  1906. 

*  Named  in  1910  for  Albert  O.  Johnaon*  one  of  the  bridge  engineers  of  the  Copper  River  and  Northwestern 
Railway,  who  made  many  instrumental  observations  upon  the  ^aders  and  glacial  streams  between  1908  and 
1910. 
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This  glacier  was  mi^ped  by  Witherspoon  in  1900»^  and  is  shown  with  different  form  in 
the  revised  map  published  in  1909.*  It  has  been  seen  by  the  National  Greographic  Soci- 
ety's expedition  only  from  a  distance,  and  its  chief  importance  in  our  studies  comes  in 
connection  with  its  contribution  of  outwash  to  the  large  valley  trains  of  the  Copper  and 
Martin  Rivers. 

Martin  River  Glacier.  Martin  River  Glacier  terminates  about  20  miles  east  of  Copper 
River,  and  is  separated  from  the  sea  by  the  foothill  region  of  the  Controller  Bay  coal 
field.  It  is  3  to  5  miles  wide,  over  25  miles  long,  and  terminates  less  than  350  feet  above 
sea  level.  It  is  larger  than  Miles  Glacier,  much  larger  than  Sheridan  Glacier,  and  is  the 
most  extensive  valley  glacier  in  the  Copper  River  portion  of  the  Chugach  Mountains.* 
The  covering  of  ablation  moraine  on  the  terminus  renders  the  glacier  relatively  incon- 
spicuous from  the  Copper  River  railway,  and  it  would  not  be  noted  here  were  it  not  for 
the  extensive  outwash  gravel  plain  built  up  by  its  glacial  streams.  These  coalesce  with 
the  Copper  River  delta  on  the  west,  so  that  Copper  River  has  been  pushed  to  the  ex- 
treme western  edge  of  its  valley. 

Glaciation  Neab  Coppeb  River  Delta 

The  varied  and  interesting  features  produced  by  glacial  erosion  and  glacial  deposition 
near  the  ice  tongues  described  in  this  chapter  are  so  involved  with  the  other  glaciers  to  be 
described  and  with  general  conditions  of  glaciation  of  the  Copper  River  valley*  that  their 
treatment  is  postponed  to  Chapter  XXm. 

>  FUte  n.  House  Document  646,  56th  Congreas,  Sod  Session,  The  Geology  and  Bfinend  Resources  of  a 
Portion  of  the  Copper  River  Districtt  Alaska,  by  F.  C.  Sdirader  and  A.  C.  Spencer,  Washington.  1901.  See 
another  arrangement  of  glaciers  here,  in  the  map  published  as  PI.  XII,  BuU.  884,  U.  S.  Ged.  Survey,  1906. 

*  PI.  I,  BuU.  874,  U.  S.  Geol.  Survey,  1909;  also  Chitina  Quadran^e. 

•  This  glacier  has  been  described  by  G.C.  Martm.  See  BuU.  S35,U.  S.  Geol.  Survey,  1908,  pp.  16,  48-6t, 
66,  64-65  and  Plates  I»  11  and  m.    The  junior  author  of  this  book  visited  portions  of  Uie  Racier  in  1904. 
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CHILDS  GLACIER 

General  Description.  Childs  Glacier  (Map  9),  entering  Copper  River  vaUey  from  the 
west,  just  north  of  Goodwin  Glacier,  at  the  head  of  the  Copper  River  delta,  ends  in 
the  river  in  a  vertical  ice  cliff  from  200  to  800  feet  high.  This  ice  cliff  is  aU  that  one  sees 
of  the  glacier  from  the  railway  bridge  or  from  the  river  bank  near  Miles  Glacier  railway 
station.  The  ice  cliff  is  so  imposing  that  it  has  led  some  visitors  to  believe  that  Childs 
is  larger  than  Miles  Glacier,  which  is  farther  away,  when  as  a  matter  of  fact  Childs 
Glacier  is  less  than  half  as  large. 

The  ice  tongue  is  about  ten  or  twelve  miles  long,  rising  in  cirques  and  on  snowy  divides 
six  or  eight  thousand  feet  above  sea  level  (PI.  CXLVII),  and  is  fed  by  at  least  five  tribu- 
taries. The  width  of  the  valley  glacier  (Fig.  58)  varies  from  a  little  over  one  to  a  little 
less  than  two  miles,  the  narrowest  part  being  near  the  mouth  of  the  mountain  valley. 
East  of  this  constriction  (Fig.  57)  the  glacier  expands  into  a  small  imperfect  bulb  in  the 
Copper  River  valley,  increasing  in  width  from  a  mile  and  an  eighth  to  over  three  miles 
in  a  distance  of  less  than  two  miles.  The  low,  sloping  northern  and  southern  margins 
of  the  glacier  end  on  the  land,  being  faced  on  each  side  by  an  alluvial  fan;  but  in  the 
middle  the  glacier  terminates  in  Copper  River,  whose  depth  in  front  of  the  ice  cliff  is 
from  10  to  20  feet,  and  whose  undercutting  action  has  produced  precipitous  ice  cliffs 
for  a  distance  of  over  two  and  a  half  miles. 

The  glacier  surface  is,  in  the  main,  clean  and  white,  excepting  along  the  terminal 
margins,  and  along  the  narrow  lateral  moraines  extending  up  the  glacier  from  these. 
There  are  four  or  five  weak  medial  moraines,  coming  from  the  junction  of  tributaries 
in  the  mountains  and  curving  irregularly  with  the  flow  of  the  ice  in  the  expanded  bulb. 
These  medial  moraines  are  not  conspicuous  features  on  the  terminal  cliff . 

From  its  terminus  to  the  snowfields,  the  glacier  is  severely  crevassed,  excepting  in 
the  northern  and  southern  margins  of  the  bulb  where,  up  to  1909,  the  crevassing  was  so 
slight  that  the  ablation  moraine  completely  mantled  the  ice  and  even  supported  a  few 
shrubs  and  annual  plants.  From  the  mouth  of  the  mountain  valley  to  the  margin  of 
the  bulb,  the  slope  of  the  lower  portion  of  the  glacier  is  882  feet  to  the  mile,  an  elevation 
of  1500  feet  above  sea  level  being  reached  less  than  three  miles  from  the  river.  Above 
this  the  slope  may  be  steeper,  though  the  glacier  maintains  a  moderately  low  grade  as 
far  as  seen.   There  are,  however,  a  number  of  cascading  tributaries. 

If  Childs  Glacier  valley  hangs  in  relation  to  the  main  Copper  River  valley  it  is  com- 
pletely masked  by  the  glacial  deposits.  The  walls  of  the  glacier  valley  (Fig.  57)  rise 
steeply  to  elevations  of  from  three  to  six  thousand  feet  in  a  short  distance,  as  is  well 
shown  north  of  the  terminus,  where  a  spur  on  the  slopes  of  Mt.  O'Neel^  (PL  CLIII) 

>  A  6400  foot  peak  mimed  in  1010  for  Mr.  A.  C.  O'Ned,  chief  bridge  engineer  of  the  Copper  River  and  North- 
weitem  Railway,  who  built  the  steel  bridge  maom  the  Copper  River  near  the  base  of  thi«  mountain. 
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reaches  an  elevation  of  8857  feet,  with  a  slope  which  risea  at  the  rate  of  over  4000  feet 
to  the  mile.  Upon  thia  steepened  slope  there  ue  several  small,  steeply-cascading  Coders 
which  are  no  longer  connected  with  the  main  ice  stream. 

Childs  Glacier  terminates  dose  to  the  rulway,  and  is  seen  annual^  by  many  travders, 
who  view  it  from  the  trun  at  Miles  Glacier  station  or  walk  down  the  path  along  the 
river  bank  west  of  the  railway  bridge.  Its  magnitude  may  be  better  appredated  by 
Kong  how  the  capitol  in  Washington  (PI.  CXLVIII,  B)  would  t^pear  in  comparison 
with  the  precipitous  cliff  that  rises  above  the  river,  and  bow  its  ice  stream  (Fig.  80) 
compareii  in  width  with  the  Nisqually  Glader  on  Mt.  Rainier,  one  of  the  largest  ice 
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Chium  Glacier  in  1910. 


tongues  in  the  United  Stat^^s,  itself  far  larger  than  the  greatest  of  the  ice  masses  seen 
along  the  Canadian  Pacific  Railway  in  the  Selkirks  and  Canadian  Rockies. 

ObiervtUiont  before  the  Building  of  the  Railway.  It  is  not  known  when  or  by  whom  the 
earliest  observation  of  Childs  Glacier  was  made,  but  as  early  as  1850  the  Russian  geolo- 
gist Grewingk  recorded^  that  the  Copper  River  crosses  mountains,  "the  ravines  of 
which  are  filled  with  perpetual  ice;  and,  where  the  river  breaks  through,  the  ice  masses 
are  undercut,  torn  away,  and  precipitated  into  the  river  with  terrific  crashing. "  This 
probably  applies  to  Childs  or  Miles  Glacier,  or  both. 

C.  G.  Holt  ascended  Copper  River  in  1882  but  we  have  no  information  regarding  what 
he  saw  of  the  glaciers. 

>  Grewingk,  C.,  Beitrag  Eur  Kenutaiu  der  Orognphitchen  und  Gcoguoatigcheii  Beschsffenheit  der  Nord- 
west-KUite  AmerikAS  mit  dea  Aoliegmdai  Inaeln,  Vwbuid].  Bum.  KtuBorl.  Mina*!.  GcmU.  iu  St.  Prtiburg 
1S4&  und  1S40,  pp.  S«-S. 
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In  July,  1884,  Abercrombie  ascended  the  Copper  River,  taking  several  photographs 
of  Childs  Glacier,  experiencing  much  difficulty  because  of  the  icebergs  in  the  river,  and 
noting  the  speed  of  the  current,  the  large  bowlders  carried,  and  the  loud  reports  from 
the  discharge  of  icebergs.  He  estimated  that  the  glacier  delivered  8,160,768,000  pounds 
of  ice  yearly  to  the  river.^  On  his  way  down  the  river,  in  September,  he  ran  the  rapids 
in  front  of  Childs  Glacier. 

On  March  Slst  and  April  1st,  1885,  Allen  was  passing  Childs  Glacier,  where  he  noted 
that  the  river  was  confined  to  one  channel  about  125  yards  wide,  east  of  which  was  a 
deposit  "considerably  elevated  above  the  river  bed,  and  overgrown  with  small  timber, 
which  was  so  thick  as  to  be  a  great  impediment  to  the  movement  of  our  sleds. "  He  also 
mentions  "the  condition  of  the  ice  in  front  of  this  (deposit)  forbidding  an  attempt  (to 
travel)  along  the  river."  Allen's  report  is  illustrated  by  several  woodcuts  of  Childs 
Glacier  from  photographs  taken  by  Abercrombie  the  year  before,*  which  show  that  the 
glacier  expanded  in  a  clean  bulb  of  white  ice  in  1884,  much  as  in  1909,  having  a  terminal 
slope  of  about  the  same  steepness. 

In  August,  1891,  Hayes  and  Schwatka  descended  Copper  River,  and  Hayes  made  a 
sketch  map  showing  the  Childs  and  other  glaciers  and  "passed  the  Childs  Glacier,  run- 
ning within  a  stone's  throw  of  the  lofty  wall  of  ice/' '  which  suggests  lack  of  great  ac- 
tivity of  the  ice  front  at  that  time. 

In  October,  1898,  Abercrombie  descended  Copper  River,  observing  great  changes  in 
the  faces  of  both  Childs  and  Miles  Glaciers  since  his  visit  in  1884.  Childs  Glacier  then 
no  longer  ended  in  the  river,  having  "a  beach  some  500  or  600  yards  in  breadth  be- 
tween it  and  the  water,  but  adding  a  succession  of  very  boisterous  n^ids,"  *  including 
"200  or  300  yards  of  very  nasty,  rapid  water, "  below  which  "the  river  is  deflected  to  the 
left  (west)  by  a  mass  of  terminal  moraine."  *  Corporal  Koehler,  who  accompanied  Aber- 
crombie on  this  joum^  past  Childs  Glacier,  stated  that  "this  glacier  is  dry,  because  it 
does  not  throw  any  ice.  There  are  some  pretty  high  swells  along  this  glacier,  and  as  the 
current  ran  about  8  miles  an  hour,  the  boat  was  sucked  with  the  speed  of  an  arrow. " 

Guide  ILaSerty  furnishes  evidence  either  that  Childs  Glacier  had  retreated  westward 
during  the  sunmier  of  1898,  or,  what  is  more  likely,  that  Abercrombie  went  down  the 
river  at  a  stage  of  very  low  water,  for  he  stated  that  in  early  July  of  the  same  year  "the 
next  danger  was  from  the  swell  caused  by  the  ice  breaking  off  from  the  Childs  Glacier, 
which  sometimes  created  such  waves  as  to  land  a  loaded  boat  150  feet  high  and  dry  on 
the  shore.  The  current  swings  directly  toward  the  glacier  on  making  the  turn,  and  it 
required  all  the  strength  at  hand  to  keep  from  being  carried  with  it.  The  river  was 
filled  with  floating  ice,  some  pieces  being  almost  the  size  of  a  freight  car. " 

>  Abercrombie,  W.  R.,  Supplementary  Expedition  into  the  Copper  River  Valley,  Alaska,  1884,  Narratives  of 
Explorations  in  Alaska,  Senate  Rept  1028, 56th  Congress,  Ist  Session,  Washington,  1900,  pp.  886-890. 

>  Allen,  H.  T.,  Expedition  to  the  Copper,  Tanana  and  Koyukuk  Rivers,  Washington,  1887,  p.  42,  Figs.  8 
and  4  and  Map  2;  also  in  Narratives  of  Explorations  in  Alaska,  Washington,  1900,  pp.  424-^5. 

*  Hayes,  C.  W.,  Expedition  Through  the  Yukon  District,  Nat  Geog.  Mag.,  Vol.  IV,  1892,  p.  126. 

« Abercrombie,  W.  R.,  Reports  of  Explorations  in  the  Territory  of  Alaska,  1898,  War  Dept,  Adj.-Gcn.  OflEice, 
No.  XXV,  Washington,  1899,  pp.  815,  822. 

Koehler,  R.  A.,  Same,  p.  481. 

Rafferty,  J.  J.,  Same,  p.  450. 

These  accounts  by  Messrs.  Abercrombie,  Koehler,  and  Rafferty  are  also  in  the  Narratives  of  Explorations 
in  Alaska,  Washington,  1900. 
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H.  L.  WilsoQ,  Jr.,  who  was  passing  Childs  Glacier  ia  the  spring  of  1898,  corroborates 
the  testimony  of  the  guide  Rafferty  that  the  glacier  then  readied  the  river.  His  descrip- 
ttOD  is  as  follows: 

"On  June  12  we  were  just  below  the  Childs  Glacier,  on  the  ri^t  bank  o(  the  river. 
At  4:30  a.  m.  we  commenced  to  line  our  boat^  past  the  glacier.  Here  the  river  is  composed 
of  one  stream  and,  in  places,  runs  very  swift.  It  is  about  one-fourth  of  a  mile  wide.  The 
(Racier  at  this  time  of  the  year  is  along  the  water's  edge.  It  b  about  a  mile  and  a  half 
long  and  150  feet  high.  It  is  supposed  to  be  moving  forward.  The  opposite  side  or  bank 
is  a  long  rocky  beach.  When  the  glacier  "dumps"  it  throws  a  swell  varying  in  size  to 
the  amount  of  ice  that  falls.  We  sent  our  first  two  boats  up  on  the  rocky  beach,  and 
another  was  swamped  at  the  water's  edge.  ...  It  took  a  swell  about  three  minutes 
to  reach  us  after  the  ice  had  fallen,  the  second  or  third  swell  being  the  larger  and  stronger. 


■     US' 

f". 

->-...  5^;  ■ 

' '  'ir. 

Via.  S8.    Miles.  CHiuie,  and  Gbinnkli>  GLAciERa  in  1900. 
Contour  intervB)  200  feet  (After  D.  C.  Withenpoon,  U.  S.  Geol.  Survey). 

On  the  third  trip  one  of  our  boats  was  thrown  so  high  and  dry  that  the  men  on  the  lines, 
nine  in  number,  were  in  water  over  their  heads  and  were  obliged  to  cling  to  the  large 
bowlders  to  keep  from  being  washed  into  the  stream  with  the  receding  waters, "  ' 

In  October,  1900,  two  Geological  Survey  parties  went  down  the  Copper  River  past 
Childs  Glacier,  and  Witherspoon  made  a.  very  good  topographic  map  of  it.'  His  map 
(l^g.  £8),  as  well  as  photographs  taken  by  A.  C.  Spencer  at  about  the  same  time,  show 
Childs  Glacier  surface  and  profile,  and  also  its  front  in  Copper  River  essentially  as  in  1909. 

Since  1900  many  photographs  of  Childs  Glacier  have  been  taken  by  surveyors,  geolo- 
gists, prospectors,  tourists,  and  others,  in  connection  with  trips  up  and  down  Copper 
River.  Among  these  m^  be  mentioned  the  photographs  by  Webster  Brown  in  August, 
1905,  the  winter  photographs  of  Childs  Glacier  cliff  by  J.  L.  McPherson  in  January,  1006, 

■  WilsoD.  H.  L.,  Jr„  Copp«r  River  Exploring  Expedition,  18B0,  Washington,  1000,  p.  SO. 

■  Geology  and  Mineral  Beaources  of  a  Portion  of  the  Copper  Biver  Diitrict,  House  Doc.  M6,  SOth  CongreM, 
tnd  SeMioD,  Wa^iiDgtoD,  IBOO,  Plate  II;  map  repubUdied  at  PI.  I,  Bull.  S74,  II.  S.  GtoL  Snrv^,  1000,  and 
al  Chitina  Quadrangle. 
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photographs  by  F.  H.  Moffit  in  1906,  the  photographs  of  ice  falls  and  advancing  waves 
by  Rex  Beach  and  Fred  Stone  in  1908,  and  the  photographs  by  £.  A.  Hegg,  a  professional 
photographer  at  Cordova.    Beach  ^  has  written  a  vivid  description  of  the  glacier  and  river. 

Observations  by  the  Railway  Engineers.  Between  1906  and  1910  the  Copper  River 
and  Northwestern  Railway  was  being  surveyed  and  built,  and  Mr.  £.  C.  Hawkins,  the 
chief  engineer,  furnished  us  with  a  valuable  body  of  precise  data  in  the  form  of  maps, 
photographs,  and  personal  observations  by  himself  and  his  assistants.*  This  informa- 
tion is  especially  useful  (a)  because  one  of  the  early  proposed  railway  routes  crossed  the 
Copper  River  at  the  southern  end  of  the  Childs  Glacier  cliff;  (b)  because  the  engineers 
remained  a  long  time  at  the  bridge  less  than  half  a  mile  east  of  the  northern  terminus, 
where  the  bridge  engineer  Mr.  O'Neel  kept  precise  records  of  river  conditions  and  meteoro- 
logical changes  from  1907  to  1910,  besides  taking  many  photographs;  and  (c)  because  Mr. 
A.  O.  Johnson,  one  of  the  assistant  engineers,  took  an  especial  interest  in  the  behavior 
of  the  glaciers,  and  saw  to  it  that  precise  maps  were  made  during  the  unusually  important 
period  in  the  sununer  of  1910.  To  Messrs.  Hawkins,  O'Neel,  and  Johnson,  and  many 
others,  we  are  under  special  obligations  for  turning  over  to  us  freely  the  results  of  observa- 
tions between  1906  and  1910. 

Observations  by  the  National  Geographic  Society's  Expeditions.  Our  own  observations 
of  Childs  Glacier  were  made  in  August,  1909,*  in  August  and  early  September,  1910,^ 
and  in  June,  1911.*  In  1909  we  only  saw  the  glacier  in  passing  on  the  railway,  but  in 
1910  the  junior  author  spent  about  two  weeks  in  the  vicinity  of  Childs  Glacier,  making 
careful  studies  of  general  conditions  of  glaciation  and  of  special  phenomena  at  the  time 
of  an  unusual  advance.  Many  photographs  were  taken,  and  Mr.  Lewis  made  the  topo- 
graphic map  reproduced  as  Map  9  (in  pocket).  Li  June,  1911,  four  days  were  spent 
at  Childs  Glacier  by  the  junior  author. 

Normal  Condition  from  1884  to  1906.  From  1884  to  1906  Childs  Glacier  is  believed 
to  have  terminated  in  Copper  River  with  a  convex  front,  the  amount  of  ice  brought 
forward  from  the  snowfield  being  about  balanced  at  the  terminus  by  ablation  and 
by  the  discharge  of  icebergs  that  were  carried  away  by  the  river.  This  belief  is  sup- 
ported by  such  photographs,  maps,  and  observations  as  are  available.  Allen's  descrip- 
tion of  the  glacier  in  the  winter  of  1885,  with  the  river  about  875  feet  wide  and  the  ice 
so  rough  that  it  was  impossible  to  travel  upon  it,  suggests  a  normal  winter  condition  when 
lack  of  melting  and  of  iceberg  discharge  result  in  advance  of  the  ice  cliff,  narrowing  the 
channel  to  much  less  than  the  usual  sunmier  width  and  breaking  up  the  river  ice  in 

>  Beach,  Rex.  Everybody's  Magazine,  Vol.  XIX,  1808,  pp.  778-0,  784,  785-6,  780;  The  Iron  Trail,  New 
York,  1813,  pp.  207-206;  Underwood.  J.  J.,  Alaska,  New  York,  1013,  pp.  45-48,  58-58;  EUis,  Cariyle, 
Overland  Monthly,  Vol.  LVIII,  1811,  pp.  457-466,  Tedinical  World  Magazine,  Vol.  XVII.  1812,  pp.  3-13; 
Culmer,  H.  L.  A.,  Deseret  Evening  News,  Salt  Lake  City,  Utah,  Dec.  16,  1811  (illustrated  by  reproductions 
of  oil  paintings  of  Childs  and  Miles  Glaciers). 

>  Before  his  death  we  had  the  favor  of  having  Mr.  Hawkins  read  and  criticise  the  manuscript  of  this  chapter. 

*  Tarr,  R.  S.  and  Martin,  Lawrence.  Nat.  Geog.  Mag.,  Vol.  XXI,  1810,  pp.  13,  87. 

« Martin,  Lawrence.  Nat.  Geog.  Mag..  Vol.  XXII.  1811,  pp.  541-548;  Mastering  the  Alaskan  Glacier  Barriers, 
Scientific  American  Supplement.  Vol.  LXXI,  1811,  pp.  805-807;  Gletsdienmtersuehungen  lings  der  KUste  von 
Alaska,  Petermanns  Geog.  Mitteilungen,  Jahrgang  1812,  Augustheft,  pp.  78-81,  Tafein  8,  10;  Two  Glaciers 
in  Alaska.  Bull.  Ged.  See.  Amer..  Vol.  22,  1810,  p.  781. 

•  Martin,  Lawrence,  in  H.  F.  Reid's  Variations  of  Glaciers  for  1811,  Jour.  Geol.,  Yd.  XXI.  1818.  p.  424; 
Alaskan  Glaciers  in  Belatioa  to  Life,  Bull.  Amer.  G«og.  Soc.  Yd,  XLV,  1818.  pp.  808.  807-808. 
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tfeuttt  «]<  tlie  glacier.    Witherspoon's  map  made  in  1900  (Fig.  58)  shows  a  normal  oon- 
^MK  ^faKter  tenninus. 

Ci^&^yk  Admme^  m  1905  and  1906.  A  slight  interruption  of  the  balanced  condition  of 
^  p^^viotts  years  todc  place  in  1905  and  1906,  for,  (a)  Webster  Brown's  photograph 
tdk^a  in  Auisust,  1905,  shows  a  little  crevassing  of  the  hitherto  stagnant  moraine- 
vvv«f«^  northern  margin;  (b)  Hegg's  photograph  of  July  20, 1906,  shows  jagged  pinnacles 
glct^va5$ed  black  ice  in  this  northern  portion,  at  a  time  when  the  middle  of  the  glacier 
w«»  fnMiled»  at  least  in  part,  by  a  gravel  bar;  and  (c)  these  photogn^hs  and  the  earliest 
^M^  ))^  the  railway  engineers  (Fig.  59)  show  the  northern  margin  projecting  eastward 
l^^l^^  distance  beyond  the  middle  of  the  front,  giving  the  terminus  a  concave  shape, 
VHWtm^tin^  decidedly  with  the  convex  terminus  as  mapped  by  Hayes  in  1891  and  Wither- 
;i|HHMi  in  1900. 

I'Kal  the  1905  and  1906  forward  movement  was  slight  is  indicated  by  the  maintenance 
<rf  a  fairly  uniform  average  river  width  from  1900  to  1908,  although  it  is  possible  that 
IK^  width  remained  constant  while  the  glacier  gradually  forced  the  river  eastward.  Even 
it  thU  was  the  case,  maps  prove  that  the  displacement  was  very  slight,  and  of  quite  a 
^ert^ut  order  from  the  1910  advance. 

Sormal  Condition  from  1906  to  1909.  From  1906  to  1909  the  glacier  seems  to  have 
ff^uuied  the  balanced  condition  during  which  the  steady  supply  of  ice  brought  forward 
to  the  river  was  approximately  equal  to  that  taken  away  by  melting  and  as  icebergs, 
lO  that»  while  forward  motion  took  place  all  the  time  in  the  glacier,  its  terminus  neith^ 
advanced  nor  retreated  appreciably. 

The  photographs  by  Webster  Brown,  in  August,  1905,  and  by  J.  L  McFherson,  in 
January,  1906,  show  that  the  middle  of  the  front  of  Childs  Glacier  formed  a  neariy  straight 
aorth-south  line,  while  the  northern  margin  projected  eastward  very  slightly  b^rond 
the  middle,  which  was  being  cut  back  to  a  fairly  uniform  position  by  the  river.  This 
condition  was  maintained  up  to  1909.  Sometimes  the  glacier  and  sometimes  a  gravel  bar 
(PI.  CL,  A)  formed  the  western  bank  of  the  river,  the  condition  varying  with  the  time 
of  year  (as  in  1898),  due  we  believe,  to  the  variations  in  river  level  and  the  position  of 
its  channel  rather  than  to  advance  and  retreat  of  the  ice  front.  Thus  a  railway  survey 
made  early  in  the  summer  of  1905  indicates  no  gravel  bar  in  front  of  the  glacier,  but 
Webster  Brown's  photograph  shows  that  a  narrow  gravel  bar  was  exposed  in  front  of 
parts  of  the  southern  half  of  the  ice  front  on  August  16,  1905;  and  in  October,  1905,  one 
of  the  railway  engineers,  Mr.  Murchison,  saw  the  whole  face  of  Childs  Glacier  separated 
from  the  river  by  a  gravel  bar  40  or  50  feet  wide.  A  map  by  the  railway  engineers  made 
August  24,  1907,  shows  a  bar  of  coarse  gravel  and  bowlders  along  the  whole  front  of  the 
glacier,  with  a  width  of  100  to  800  feet  and  with  shallow  water  near  the  western  bank. 
The  main  channel  was  then  near  the  eastern  bank  of  the  river.  The  horizontal  variation 
in  position  of  the  water  margin  on  the  eastern  bank  was  100  to  150  feet  with  the  24  foot 
seasonal  rise  and  fall  of  the  river  level. 

Beginning  of  Advance  in  1909.  The  width  of  the  river  in  front  of  Childs  Glacier 
remained  fairly  constant  from  1900  to  1908,  showing  variations  in  1909,  as  indicated 
below. 

After  applying  a  correction  for  the  seasonal  rise  and  fall  of  the  river,  the  decrease  in 
width  of  the  river  from  1908  to  1909  shows  an  advance  of  the  glacier  of  from  800  to  500 
feet  sometime  during  the  sunmier  of  1909;  as  indicated  in  the  following  table: 
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Variations  in  Width  of  Copper  River  in  Front  of  Childs  Glacier  from  1900 

TO  1909 


Date 

Width  of  River 

Bdsed  on  Maps  by 

October  9,  1900 

About  1600  feet 

D.  C.  Witherspoon 

November,  1905 

1100-1650     " 

Railway  Survey 

Summer,     1906 

About  1600     " 

U.  S.  Geol.  Survey 

August  24,  1907 

1275-1750      " 

Railway  Survey 

Summer,     1908 

1000-1800      " 

cc                   c< 

Spring,        1909 

625-1125      " 

<<                   <c 

July,            1909 

775-1300     " 

«                « 

During  this  period  of  advance,  in  1909,  the  ice  motion  was  about  four  feet  or  more  per 
day  near  the  moraine-covered  northern  margin  of  Childs  Glacier.  Nearer  the  glacier 
margin,  just  north  of  the  point  of  observation  (a,  Fig.  57)  the  terminus  of  the  glacier 
had  no  appreciable  motion;  at  least  the  edge  did  not  move  forward,  for  small  shrubs  still 
grew  upon  it,  as  they  had  done  from  1900  to  1909. 

The  determination  of  the  rate  of  motion  in  1909,  recorded  above,  is  the  work  of  A.  O. 
Johnson,  one  of  the  railway  engineers,  who  made  instrumental  observations  for  two 
weeks,  which  he  has  kindly  given  us  permission  to  publish.^  He  used  a  baseline  2983.7 
feet  long  and  made  transit  readings  upon  a  piece  of  gas  pipe  5  feet  long  driven  into  the 
ice,  with  a  flag  on  top  of  it.   These  1909  observations  show  the  following  movement : 

Rate  of  Movement  in  Childs  Glacier  in  Jult,  1909 


July  15,  8  a.m.  to  July  16,  8  p.m. 
16,  3  p.m.  "  "  18,  7  a.m. 
18,  7  a.m.  "  "  20,  1  p.m. 
20,  1  p.m.  **  "  23,  12  noon 
23,  12  noon "  "  25,  8  a.m. 
25,    8  a.m.  "      "    30,    8  a.m. 
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1}  inches  per  hour. 
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The  average  of  two  weeks'  observations  is,  therefore,  a  little  less  than  2  inches  an  hour, 
or  45}  inches  a  day.  Mr.  Johnson  says  that  the  rate  of  movement  at  this  point  was  slower 
than  that  in  the  middle  of  the  glacier,  and  we  assume  that  in  mid-glader  it  may  have 
been  as  much  as  6  feet  a  day. 

The  rate  of  melting  of  the  surface  of  Childs  Glacier  during  the  summer  of  1909,  may 
be  computed  from  the  fact  that  the  gas  pipe  holding  Mr.  Johnson's  flag,  and  which  was 
drilled  into  a  flat  surface  to  a  depth  of  3  feet,  had  to  be  reset  every  5  days  from  July  15 
to  30,  because  the  surrounding  ice  melted  to  the  bottom  of  the  drilled  hole.  This 
would  give  a  minimum  rate  of  melting  of  a  little  over  7  inches  per  day. 

Mr.  Johnson  estimated  that  the  amount  and  rate  of  discharge  of  icebergs  in  1909 
was  about  twice  as  great  as  in  1908,  and  he  states  that  the  iceberg  waves  began  to  cut  far 

>  Penonal  oommunicatioii,  Fdb.  12>  1910. 
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more  actively  into  the  river  bank  than  th^  had  done  in  previous  years.  A  river  bank 
about  25  feet  high  was  cut  back  for  20  feet  in  one  place,  though  elsewhere  the  average 
retreat  of  the  gravel  bluff  was  not  more  than  3^  to  5  feet  during  the  summer.  When 
the  ice  front  of  the  advancing  glacier  was  sufficiently  undercut  by  the  river  the  ice  slid 
down  into  the  water  with  a  splash,  forming  a  wave  which  rushed  with  great  force  across 
the  river  and  up  on  the  opposite  bank.  In  1908  one  such  wave  deposited  a  bowlder  weigh- 
ing approidmately  200  pounds  in  the  forks  of  a  tree  30  feet  back  from  the  edge  of  the 
bank.  Owing  to  the  decreased  width  of  the  river  in  1909,  however,  the  waves  dashed 
back  over  the  bank  for  a  much  greater  distance  than  in  1908»  tearing  away  earth,  bowlders, 
and  trees,  and  breaking  or  knocking  the  bark  from  trees  60  feet  from  the  river. 

That  the  1909  rate  of  motion  was  slow  compared  with  that  a  year  later  is  indicated 
by  the  fact  that  the  engineers  were  able  to  go  out  on  the  glacier  every  few  days  in  July 
to  reset  the  flags  for  measuring  the  rate  of  motion,  while  in  1910  this  portion  of  the  ice 
was  so  severely  crevassed  that  this  could  not  be  done.  From  these  facts  Mr.  Johnson 
concluded  that  the  glacier  was  pushing  forward  and  forcing  the  river  eastward  in  the 
sunmier  of  1909;  and  this  commencement  of  advance  was  announced  by  us  after  our 
visit  to  ChUds  Glacier  in  1909.^ 

Sjxiamodic  Advance  in  1910,  The  rate  of  motion  in  Childs  Glacier  increased  during 
the  winter  of  1909-1910  so  that  part  of  the  margin,  hitherto  stagnant,  attained  a  forward 
movement  of  from  two  to  eight  feet  a  day,  while  in  mid-glacier  the  rate  of  movement 
increased  at  least  five  or  six  times.* 

The  ice  which  covers  Copper  River  in  winter  serves  as  a  delicate  index  of  the  rate 
of  motion  of  Childs  Glacier  during  that  season.  The  railway  engineers  testify  that  in 
winter  the  river  ice  has  always  been  broken  more  or  less  by  advance  of  the  glacier,  and 
the  description  by  Allen  in  1885  and  a  photograph  by  McPherson  in  January,  1906, 
shows  that  there  was  slight  breakage  of  the  river  ice  at  these  times.  During  the  winter 
and  early  spring  of  1909-10,  the  glacier  moved  forward  rapidly  enough  to  buckle  up  the 
ice  of  the  frozen  river  much  more  than  usual,  which  is  interpreted  as  proof  that  the  ad- 
vance of  Childs  Glacier  continued  throughout  that  season. 

By  June  10,  1910,  the  ice  front  in  various  portions  near  mid-glacier  had  moved  for- 
ward from  275  to  650  feet  since  the  preceding  autumn;  but  the  total  advance,  including 
that  of  1909,  was  about  1200  feet.  Between  the  measurements  of  July,  1909,  and  June 
3,  1910,  the  river  had  been  narrowed  down  to  a  width  of  from  500  to  650  feet,  and,  if  by 
this  constriction  the  eastern  river  bank  had  been  cut  back,  the  amoimt  of  advance  stated 
above  is  to  be  considered  a  minimum  to  which  it  may  be  necessary  to  add  from  40  to  60 
feet.  As  a  result  of  the  constriction  resulting  from  this  advance  the  water  rose  21  feet 
in  a  few  days. 

People  locally  ^eak  of  the  discharge  from  the  front  of  Childs  Glacier  as  "sloughing." 
A  "slough"  has  always  raised  waves  in  Copper  River  (PI.  CXLIX),  making  it  dangerous 
for  a  boat  to  shoot  the  rapids  in  front  of  the  glacier,  or  to  line  a  boat  up  the  opposite 
bank;  but  in  the  spring  of  1910  the  dangerous  conditions  were  accentuated  by  the  ad- 
vance of  the  glacier  and  the  pushing  of  the  river  eastward.    In  that  year  the  waves 

>  Martin,  Lawrence,  in  H.  F.  Reid's  Variations  of  Glaciers  for  1009,  Joum.  Geol.,  Vol.  XIX,  1011,  p.  SB; 
Zeitschrift  fUr  Gletscherkunde,  Band  V,  1011,  pp.  200-201. 

t  Martin,  Lawrence,  Nat.  Geog.  Mag.,  Vol.  XXII,  1911,  pp.  541-548;  in  H.  F.  Reid's  Variations  of  Glaciers 
for  1010,  Joum.  Geog.,  Vol.  XIX,  101 1,  pp.  458-450;  Zeitschrift  f  fir  Gletscheikimde,  Band  VI,  1911,  pp.  102-lOS. 
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washed  up  over  a  bunk  5  to  25  feet  in  height  and  rushed  back  100  to  200  feet  into  the 
alder  thicket,  which  is  much  farther  than  the  waves  reached  in  1909.  Much  gravel  and 
sand,  stones  a  foot  or  two  in  diameter,  and  ice  blocks  (PI.  CL,  B)  up  to  ten  tons  in 
weight  were  thrown  in  among  the  trees.  Alders,  9  to  11  inches  in  diameter,  were 
stripped  of  leaves  and  bark,  and  bent  backward  or  broken  off  short,  or  uprooted,  or 
buried  beneath  the  gravel  and  bowlders.  The  river  bank,  which  at  some  points  of 
measurement  was  cut  back  from  ^  to  5  feet  in  1909,  was  fairly  eaten  up  by  the  iceberg 
waves  which  crossed  the  river  in  1910,  as  is  proved  by  measurements  at  the  same  points 
along  the  bank  of  the  stream  facing  the  glacier,  where  the  recession  of  the  river  bank 
was  from  40  to  60  feet. 

The  amount  of  retreat  of  the  river  bank  is  shown  in  the  following  tables,  the  1909 
measurements  having  been  made  by  the  railway  engineers,  while  those  of  1910  were  made 
by  our  topographer  from  points  on  the  same  pair  of  short  baselines  which  Mr.  Johnson 
established  the  year  before.  The  material  of  the  river  bank  is  veiy  coarse,  unconsoli- 
dated, glacial  gravel  and  bowlders.  The  points  of  observation  are  on  the  eastern  bank 
of  Copper  River,  nearly  opposite  the  middle  of  Childs  Glacier. 

Measurements  from  Baselines  to  Bank  of  Copper  River  in  1909  and  1910 


Place  of  Measurement 

Jvly  19, 1909 

Aug.  i,  1909 

Oct.  28, 1909 

Aug.  18, 1910 

Pt.  A  to  river  bank 
Pt.B     "      "        " 
Pt.  E    "      "        " 
Pt.F     "      " 

44  feet 
63    " 
67    " 
54    " 

41  feet 
58    " 

49    " 

65Heet 
45i     - 

In  river 
In  river 
16  feet 
-15  feet 

Pt.  E  is  the  only  one  of  the  points  of  measurements  that  was  left  in  1910,  the  river  bank 
having  reiceded  beyond  the  sites  of  the  other  three,  though  in  the  case  of  Pt.  F  the  posi- 
tion was  determined  exactly  by  measurement  of  direction  and  distance  from  Pt.  E.  These 
measurements  show  that  the  increase  in  iceberg  discharge  in  the  river,  which  was  nar- 
rowed by  the  advance  of  the  glacier,  resulted  in  retreat  of  the  river  bank  as  follows : 

Amounts  of  Recession  of  River  Bank  Through  Cutting  bt  Iceberg  Waves  in 

1909  AND  1910 


Days  Between  Observations 

Pt.A 

Pt.B 

Pt.E 

»-  — 

Pt.F 

July  19  to  Aug.  1,  1909,  13  days 
Aug.  1  to  Oct.  23,             83  days 

Oct.  28  to ^  1909, 

-*  to  Aug.  18,  1910      —days 

3  feet 
Over  41  ft. 

5  feet 
Over  58  ft. 

Ifoot 
J  foot 

49^  ft. 

5  feet 
Sift. 

60Ht. 

In  addition  to  the  retreat  at  these  points  there  was  in  1910  a  general  retreat  of  the 
whole  river  bank  facing  the  glacier,  shown  particularly  well  by  the  undercutting  and 

>  Dates  between  which  the  river  was  closed  by  ice,  so  that  wave  work  ceased*  though  there  may  have  been 
some  erosion  of  the  river  bank  by  the  ice  blocks  which  were  shoved  against  the  river  during  the  winter. 
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destruction  of  a  well-bealen  path,  which  formeriy  followed  the  edge  of  the  river  bank  for 
some  distaDce.    Shrubs  formerly  inside  this  path  wctc  everywhere  falling  over  the  eilge  of 
the  undercut  river  bank  in  1910. 
About  the  middle  of  August,  when  the  waves  were  not  as  powerful  as  th^  had  been 


Fio.  59.    Childb  Gi^ciEB  in  1909  and  1910. 
Note  the  tongue  of  ice  od  the  aorth  edge,  threatening  the  railroad  bridge,  in  1910. 

earlier  in  the  summer,  the  largest  ice  fall,  or  "slough, "  which  we  saw  sent  a  wave  across 
the  river  with  lightning  rapidity,  causing  the  water  to  wash  up  over  the  15  to  20  foot  bank 
Qcar  where  we  stood  and  to  extend  back  a  short  distance  into  the  forest.  The  wave,  of 
(jQUjse,  rose  highest  directly  opposite  the  ice  fall,  its  height  on  the  bank  decreasing  both 
up-  and  down-stream.  Six  or  seven  ring  waves  in  succession  splashed  far  up  the  river 
I^ok,  the  first  one  visibly  running  up-stream,  against  an  dght  or  nine-mile-ao-hour  cui^ 
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rent  With  this  before  our  eyes  it  was  easy  to  see  how  the  still  larger  waves  during  the 
earlier  part  of  the  summer  were  able  to  cut  the  river  bank  so  easily. 

The  ice  cliff  in  mid-glacier  was  about  285  feet  high  in  August,  1910«  parts  of  it  having 
irregular  projections  with  towers  and  spires  of  ice,  and  all  of  it  being  severely  crevassed. 
A  comparison  of  photographs  of  1909  and  1910  shows  that  the  terminus  of  the  glacier  was 
considerably  thickened  by  the  advance.  At  the  time  of  our  visit  in  August,  1910,  the 
river  was  so  low  that  some  of  the  ice  falls  lay  where  they  fell,  though  many  were  immedi- 
ately carried  away  by  the  river.  At  one  point  at  the  base  of  the  ice  cliff  the  water  was  so 
shallow  that  large  bowlders  rose  above  its  surface,  and  it  was  evident  that  undercutting 
was  then  much  less  active  than  when  a  deep  current  swept  the  glacier  face;  but  it  was  still 
effective  enough  to  cause  the  ice  front  to  retreat  while  the  glacier  was  flowing  strongly 
forward.  We  heard  many  more  ice  falls  in  the  evening  and  night  than  during  the  day, 
the  rumbling  and  roaring  from  the  glacier  increasing  every  night  after  sunset.  This 
may  possibly  be  due  to  greater  contraction  of  the  ice  at  night,  resulting  in  breaking  and 
scaling  off  of  ice  fragments,  so  that  undercutting  by  the  river  resulted  in  great  falls.  The 
same  increase  in  noises  from  the  glacier  at  night  was  also  observed  at  Columbia  Glacier 
in  1910  and  at  Childs  Glacier  in  1911. 

The  southern  border  of  the  glacier  was  moderately  crevassed  in  August,  1910,  the 
cracks  having  extended  throughout  the  lateral  zone  of  ablation  moraine  and  to  the 
very  edge  of  the  glacier.  There  was  much  thickening  with  the  advance  (PI.  CLI)  and 
enough  lateral  spreading  to  cover  the  site  of  a  former  marginal  stream,  the  glacier  termi- 
nating close  to  the  edge  of  an  alder-covered  bluff. 

Near  the  northern  margin  of  the  glacier  is  an  easily-accessible  portion  of  the  ice  front, 
which  ends  upon  a  nearly-flat  plain  of  till  and  glacial  gravels,  overgrown  with  alder 
and  Cottonwood  trees  50  to  150  years  old  (PI.  CLII).  Here,  as  in  mid-glacier,  the  ice 
advanced  slightly  between  1900  and  1906,  probably  in  1905-6,  but  did  not  move  for- 
ward more  than  a  hundred  feet  or  so  along  this  margin.  It  was  nearly  without  motion 
from  1906  to  1909,  so  that  small  shrubs  had  begun  to  grow  upon  the  stagnant  margin 
of  the  glacier  which  projected  eastward  only  slightly  beyond  the  main  ice  cliff.  This 
part  of  the  glacier  advanced  over  1600  feet  between  1909  and  June  8rd,  1910,  and  204 
feet  more  up  to  October  5th  of  that  year,  when  there  was  a  conspicuous  east-projecting 
lobe  (Fig.  59).  The  following  table  of  distances  from  the  glacier  margin  to  the  site 
of  the  northern  end  of  the  railway  bridge  (PI.  CXLVIII,  A)  shows  the  advance  of  this 
northern  lobe: 


Advance  of  Northern  Margin  of  Childs  Glacier  Toward  Railwat  Bridge 


Date 

Distance  from  Northern  Margin 
oj  Glacier  to  Bridge 

Nature  of  Change 

Summer,    1906 

8200  feet 

Slight  advance  since  1900 

Aug.     24, 1907 

8200  feet 

No  change  appreciable 

Spring,      1909 

8440  feet 

Slight  retreat 

June     3,  1910 

1775  feet 

Advance  1665  feet 

Aug.    17,  1910 

1624  feet 

Advance    151  feet 

Oct.      5,  1910 

1571  feet 

Advance     5S  feet 

June   16»  1911 

1474  feet 

Advance     97  feet 
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During  the  summer  of  1910  part  of  this  margin  was  accurately  mapped  eight  times, 
seven  of  the  surveys  being  made  by  the  railway  engineers,  and  one  by  our  topographer. 
The  changes  are  shown  in  the  accompanying  table  and  in  PI.  CLIV. 

Rates  of  Advance  of  Northebn  Margin  of  Childs  Glacier  in  1910  and  1911 


Dates 

Days 

Advance^  in  Feet          Rate  per  Day^  in  Feel 

Greatest 

Average 

Fattest 

Average 

June    3  to  July    29,  1910 
July    29  to  Aug.     6 
Aug.     6  to  Aug.  11 
Aug.  11  to  Aug.  17 
Aug.  17  to  Aug.  29 
Aug.  29  to  Sept.  19 
Sept.  19  to  Oct.     5,  1910 
Oct.      5  to  Jime  16,  1911 

56 

8 

5 

6 

12 

21 

17 

254 

124 
26 
41 

27 

42 
37 
13 

•   •   • 

116 

28 

8 

4 

10 

27 

n 

97 

2.2 
3.25 
8.2 
4.5 
8.5 
1.76 
.7 

•      •      •      ♦ 

2.07 

2.87 

1.60 

.66 

1.58 

1.28 

.44 

.38 

This  striking  rate  of  advance,  averaging  two  to  eight  feet  a  day,  shows  variations 
in  velocity  with  two  maxima  in  the  average  movements.  The  fastest  movements  show 
a  very  rapid  increase  in  rate  of  advance  to  the  maximum  August  11,  and  an  unusually 
rapid  decrease  again. 

It  was  a  rare  opportunity  to  witness  the  visible  forward  movement  of  this  margin 
of  Childs  Glacier  into  the  forest,  as  we  did  during  daily  visits  about  the  middle  of  August. 
A  series  of  lobes  developed,  though  some  of  them  were  not  persistent  (PI.  CLIV),  and 
at  the  ends  of  these  lobes  the  day-to-day  changes  were  most  pronounced.  Enormous 
ice  blocks  rolled  down  the  frontal  slope,  some  of  them  sliding  many  feet  into  the  forest. 
Trees  were  overturned.  Turf  and  grass  were  ploughed  up  and  carried  on  the  glacier 
(PI.  CXLV,  B),  whose  ice  blocks  acted  as  ploughshares,  which  ripped  up  turf  and  shrubs 
and  carried  them  along  ten  or  fifteen  feet  higher  than  the  level  at  which  they  grew  on 
the  plain.  Gravel  and  turf  were  heaped  up  in  a  discontinuous  terminal  moraine. 
Yet  one  saw  and  heard  little  of  a  spectacular  nature  while  traversing  the  ice 
front.  It  was  an  irresistible,  steady  movement;  but  slow,  as  the  mills  of  the  gods. 
As  impressive  as  anything  was  to  find  tons  of  ice  resting  where  one  stood  to  take  a  photo- 
graph the  day  before,  or  to  find  some  great  tree  100  years  old  prone  on  the  ground  with 
the  butt  beneath  the  glacier,  where  the  day  before  the  tree  was  upright,  with  the  ice 
just  touching  it,  or  with  a  space  of  from  one  to  three  feet  between  the  glacier  and  the 
tree.  In  places  ice  blocks,  after  sliding  forward,  lay  tilted  at  all  conceivable  angles 
on  top  of  the  push  moraine;  but  this  seemed  to  be  clearly  overriding,  rather  than  sub- 
marginal  accumulation. 

Near  the  river,  the  ice  was  thickly  covered  with  ablation  moraine  and  had  relatively 
few  crevasses  in  August,  1909;  but  photographs  taken  during  the  winter  of  1909-1910 
and  early  in  the  spring  of  1910,  show  it  severely  riven  by  cracks.  In  August,  1910, 
practically  all  the  moraine  had  slid  into  the  crevasses,  though  a  few  small  stones  still 
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lay  upon  the  serac  tops  (PI.  CLV).  These  were,  at  the  time  of  our  visit,  continually 
sliding  down  into  the  cracks,  for  early  in  1910,  this  margin  was  so  little  broken  that 
some  of  the  bridge  engineers  had  no  difficulty  in  walking  over  it;  but  by  August  it 
was  so  crevassed  that  we  found  it  impossible  to  ascend  the  precipitous  glacier  margin 
or  to  walk  more  than  a  few  yards  upon  the  ice.  We,  therefore,  assume  that  nearly  all 
of  the  crevassing  took  place  during  the  spring  and  early  summer  of  1910. 

Despite  the  great  forward  movement,  however,  the  lateral  spreading  did  not  result 
in  severe  crevassing  in  all  of  the  northern  margin  of  the  glacier,  for  the  extreme  northern 
margin  was  still  thickly  covered  with  ablation  moraine  (PI.  CLIII)  with  crevasses  ex- 
tending into  the  edge  of  it  and  not  affecting  the  outer  portion,  where  a  few  smaU  shrubs 
still  grew  upon  the  ice  in  August. 

There  were  notable  variations  of  drainage  along  the  northern  margin.  In  1909,  and 
for  some  time  before,  there  was  a  small  marginal  stream  in  front  of  the  glacier,  which 
flowed  southward  to  the  Copper  River  at  high  water,  entering  the  river  directly;  but 
at  low  water  stages,  the  main  portion  of  this  marginal  stream  flowed  eastward,  behind 
a  gravel  bar,  nearly  to  the  railway  bridge  before  entering  the  westward-flowing  Copper 
River.  On  June  10, 1910,  this  stream  was  at  the  very  edge  of  the  glacier,  but  a  little 
earlier  some  of  the  engineers  observed  that  the  glacier  was  75  to  100  feet  west  of  the 
stream.  The  stream  did  not  maintain  a  marginal  position  in  front  of  the  advancing 
glacier,  however,  for  on  July  29  there  was  no  stream  visible.  At  the  time  of  our  visits, 
in  August,  a  marginal  lake  had  formed,  covering  part  of  the  northern  alluvial  fan  and 
extending  eastward  nearly  half  a  mile  into  the  forest,  where  the  water  stood  waist-deep 
among  the  trees.  This  lake  ended  200  or  800  yards  north  of  Copper  River  and  had 
an  invisible  subglacial  outlet.  Between  September  19  and  October  5  the  outlet,  then 
visible,  was  extended  over  200  feet  southward,  cutting  back  the  glacier  margin  some 
distance,  and  then  continuing  in  a  subglacial  course  to  the  Copper  River. 

The  rate  of  movement  in  mid-glacier  during  the  summer  was  not  determined,  but 
judging  by  the  measured  rate  at  the  northern  margm,  and  by  comparison  with  meas- 
ured  rates  at  intervals  across  glaciers  in  other  regions,  it  may  well  have  been  at  least 
six  times  the  1909  rate,  that  is  80  or  40  feet  a  day,  or  at  times  even  more.  But  the  middle 
of  the  glacier  did  not  advance  as  far  during  the  summer  as  the  northern  margin  did,  and 
during  16  days  in  May,  when  the  river  was  rising,  it  retreated  200  feet,  while  between 
June  3  and  August  11  there  was  a  retreat  of  415  feet,  and  between  August  11  and  17 
of  160  feet.  This  retreat  occurred  while  the  northern  margin  was  advancing  most 
strongly  and  it  seemed  to  us  that  it  was  not  due  to  a  cessation  of  forward  motion  but 
wholly  to  undercutting  by  the  Copper  River,  which  rose  six  feet  between  June  and 
August.  We  accordingly  predicted  in  August  that  the  ice  front  in  the  river  would 
readvance  during  the  latter  part  of  September  when  the  river  was  lower.  This  predic- 
tion proved  correct,  for  up  to  October  5  there  was  an  advance  of  825  feet  in  mid- 
glacier  plus  whatever  additional  retreat  occurred  between  August  17  and  the  date 
when  the  advance  commenced,  the  river  having  fallen  over  nine  feet  in  the  meantime. 
The  rate  of  retreat  from  August  11  to  17  was  at  least  27  feet  a  day. 

Since  the  glacier  advanced  at  least  825  feet  in  the  49  days  between  August  17  and 
October  5  the  rate  of  actual  advance  in  mid-glacier  was  over  6|  feet  a  day.  As  (a) 
icebergs  were  discharging  all  the  time,  as  (b)  the  advance  was  surely  over  825  feet, 
and  as  (c)  the  forward  movement  began  not  on  August  17  but  probably  after  the 
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middle  of  September,  when  the  river  was  much  lower,  the  rate  of  advance  undoubtedlly 
exceeded  6}  feet  a  day.  If  the  advance  commenced  on  September  19,  when  the  riv^ 
level  lowered,  the  forward  movement  of  more  than  S^  feet  in  the  16  days  before  October 
6  was  at  the  rate  of  over  20  feet  a  day.  Taking  the  minimum  of  6}  feet  a  day»  however, 
the  following  computation  may  be  made.  If  the  middle  of  tlie  front  of  the  glacis  moved 
forward  at  the  rate  of  at  least  6}  feet  a  day  when  the  northern  margin  was  advancing  less 
than  half  a  foot  a  day  (September  10  to  October  5,  see  table,  p.  406)  then  the  middle 
of  the  glacier  may  have  been  moving  over  40  feet  a  day  between  July  29  and  August 
6  when  the  northern  margin  had  an  average  velocity  of  nearly  8  feet  a  day.  Repeat- 
ing the  same  calculation  on  the  basis  of  movement  at  the  rate  of  20  feet  a  day  in  mid- 
glacier  up  to  October  5,  it  api)cars  that  the  ice  in  the  middle  of  Childs  Glacier  may 
have  been  flowing  at  the  rate  of  at  least  130  feet  a  day  between  July  29  and  August  6. 
These  figures  are,  of  course,  mere  estimates,  but  they  indicate  clearly  the  order  of  mag- 
nitude of  the  rates  of  glacier  motion  during  a  spasmodic  advance.  The  ice  was  too 
much  crevassed  to  permit  the  setting  up  of  flags  and  there  were  no  pinnacles  of  ice 
that  could  be  identified  from  day  to  day,  so  that  we  were  unable  to  make  precise  meas- 
urements of  the  rate  of  movement.  It  seems  clear  to  us,  however,  that  a  rate  of  move- 
ment of  not  less  than  30  or  40  feet  a  day  occurred  in  mid-summer  of  1910,  in  the  central 
part  of  the  glacier;  and  the  rate  may  well  have  been  several  times  that  amount. 

The  oscillations  of  the  ice  front  in  mid-glacier  during  the  summer  of  1910  are  shown 
in  the  following  table: 

Variations  in  Width  of  Copper  River  in  Front  of  Childs  Glacier  with 

Oscillations  of  Ice  Front  in  1909-1910 


Date 

Width  of  River 

Advance  or  Retreat 

Based  on  Maps  by 

July            1909 

775-1300  feet 

Beginning  to  advance 

Railway  Engineers 

June      8,  1910 

500-650  feet 

Advance  275-650  feet 

<<                                    €4 

Aug.     11,  1910 

1065  feet 

Retreat  415  feet 

CC                                    « 

Aug.     17,  1910 

625-1225  feet 

Retreat  160  feet 

Nat.  Geog.  Society 

Unknown  date 

Not  measured 

Stationary 

Not  surveyed 

Oct.        5,  1910 

600-900  feet 

Advance  325  ^  feet 

Railway  Engineers 

What  the  glacier  might  do  before  the  spring  of  1911  was  of  great  interest.  It  might 
continue  to  advance;  or,  as  the  diminishing  rate  of  advance  on  the  northern  margin 
after  August  11  suggested,  it  was  possible  that  the  strongest  advance  was  over.  If 
advance  continued,  would  the  glacier  move  up  to  and  destroy  the  railway  bridge 
(PI.  CXLVIII,  A),  which  was  only  1571  feet  distant  from  the  northern  margin 
(Fig.  59),  or  would  it  stop  before  advancing  that  far?  The  bridge  cost  $1,500,000,  and 
is  the  key  to  the  new  $20,000,000  railway  to  the  copper  mines.  It  is  absolutely 
certain  that  no  corps  of  engineers  living  could  save  the  bridge  and  railway  if  the 
glacier  should  advance  that  far.  The  railway  was  less  than  a  mile  from  the  middle  of 
the  glacier,  which  might  easily  have  advanced  this  distance  between  May  and  October, 


1  Plus  unmeasured  retreat  after  August  17. 
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1910,  when  it  was  moving  at  the  rate  of  80  to  40  feet  a  day,  or  more.  If  the  glacier 
terminus  had  not  been  swept  by  the  Copper  River,  the  rapidly-moving  middle  of  the 
glacier  certainly  would  have  advanced  this  distance.  The  slowly-moving  northern 
margin  did  advance  1869  feet,  at  a  rate  which  increased  from  practically  zero  in  1909 
till  it  reached  2  to  8  feet  a  day  in  1910.  Advance  here  was  possible  because  this  part  of 
the  glacier  ends  on  the  land  where  the  river  could  not  cut  it  back. 

At  the  end  of  the  summer  of  1910  this  northern  portion  of  the  glacier  was  only  1571 
feet  from  the  railway  bridge.  If  the  river  had  not  had  its  normal  summer  rise,  or  had 
the  advance  occurred  in  the  winter  when  the  water  was  low  and  the  river  weak,  the 
middle  of  the  glacier  would  surely  have  advanced  a  good  part,  if  not  all,  of  the  distance 
to  the  railway.  As  it  was  the  ice  front  did  move  forward  more  than  600  feet  before 
the  rise  came.  It  is  evident,  therefore,  that  the  preservation  of  the  railway  and  bridge 
during  the  summer  of  1910  was  due  to  the  river,  the  very  thing  which  necessitates  the 
bridge.  The  relationships  of  the  variations  of  the  glacier  to  stages  of  river  level  are 
as  follows: 

Oscillations  of  Middle  of  Childs  Glacier  and  of  Copper  River  Level  in  1910 


Date 

Variations  of  Glacier 

Stage  of  River 

1909  to  June  8,  1910 
June      8  to  Aug.    11 
Aug.    11  to  Aug.    17 
Aug.    17  to  unknown  date 
Unknown  date  to  Oct.  5,1910 

Advance  275-650  feet 
Retreat  415  feet 
Retreat  160  feet 
Retreat,  continued 
Advance  S^  feet  * 

Fall  ^  12  feet.  May  6  to  June  8 

Rise  6  feet 

Level  about  stationary 

Rise  li^ff  feet 

Fall  9  feet 

RenLmpiion  of  Normal  Conditions  in  1911  >  Upon  the  return  of  the  junior  author 
to  Childs  Glacier  in  June,  1911,  it  was  found  that  the  slowing  down  of  the  advance 
of  the  previous  year  (see  table,  p.  406)  had  been  continued.  The  northern  margin 
of  the  glacier  had  advanced  only  97  feet  toward  the  railway  bridge  (Fl.  CLIII),  and 
the  rate  of  motion  had  been  reduced  from  44-100  of  a  foot  a  day  in  September- 
October,  1910,  to  88-100  of  a  foot  a  day  in  June,  1911.  Conditions  were  not  yet  quite 
normal,  however,  for  under  usual  conditions  this  portion  of  the  glacier  terminus  has 
little  motion,  and  the  amount  of  ice  brought  forward  is  so  nearly  balanced  by  melt- 
ing, that  the  ice  edge  either  remains  stationary  or  retreats.  In  1911,  however,  the  north- 
em  margin  was  still  advancing  slowly,  but  appreciably,  into  the  forest,  a  tape  line  measure- 
ment proving  an  advance  of  approximately  1  foot  in  the  8  days  between  June  16  and  19. 
This  portion  of  the  ice  front  was  almost  as  severely  crevassed  as  in  the  previous  summer. 
There  was  much  less  terminal  moraine  and  in  most  places  there  was  none,  though  at 
one  point  the  moraine  was  5  or  6  feet  high.  On  the  river  bank  there  was  a  low,  partly- 
submarginal  moraine,  made  up  of  roimded  bowlders  and  including  some  dead  alders. 
The  stream  draining  the  marginal  lake  flowed  through  the  forest  parallel  to  the  ice 
front,  having  abandoned  its  subglacial  channel  since  the  previous  autumn. 

That  the  rate  of  motion  decreased  also  in  mid-glacier  is  made  plain  by  the  fact  that 

>  Low  wmter  throui^ioiit  mort  of  fall  and  winter,  with  rise  from  Maidi  16  to  May  6. 
•  Plus  unineMared  retreat  after  August  17. 
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It  is  known  definitely  tliat  this  portion  of  tlie  Chugadbi  Mountains  had  severe  ava- 
lanches during  the  Yakutat  Bay  earthquakes  of  September,  1899,  for  the  shocks  were 
felt  with  much  severity  on  the  Copper  River  delta  southwest  of  Childs  Glacier,  as  well 
as  to  the  southeast;  and  many  avalanches  were  heard  in  the  Chugach  Mountains  to 
the  northwest.^  In  all  probability  avalanches  were  also  caused  by  the  smaller  Chugach 
earthquake  of  October  9,  1900,  which  was  felt  with  much  severity  on  the  Copper  River 
delta,^  and  indeed  by  one  party  between  Childs  and  Miles  Glaciers.  The  rapidity  of 
movement  of  this  wave  of  advance  in  1910  and  its  rapid  diminution  strongly  suggests 
the  earthquake  avalanche  origin. 

The  climatic  situation  regarding  Childs  Glacier  may  be  summarized  as  follows:  At 
Fort  Liscum  near  Valdez,  60  miles  northwest  of  Childs  Glacier  there  was  increased 
snowfall  in  1902-1903  and  in  1907-1908  (see  table,  p.  316).  At  Qrca,  33  miles  south- 
west of  Childs  Glacier,  the  snowfall'  was  much  heavier  than  usual  in  1902-1903  and 
from  1906  to  1908.  For  the  snow  year  1907-1908  the  railway  engineers'  records  at 
Miles  Glacier  station  show  a  snowfall  of  433  inches  and  for  1908-1909  of  4K)  inches. 
In  the  latter  year  the  snowfall  at  Flag  Point,  20  miles  south  of  Childs  Glacier  was 
355  inches.  Dining  the  first  half  of  the  snow-year  1909-1910  the  sliowfall  at  Miles 
Glacier  station  was  102^  inches,  or  only  half  as  much  as  in  the  corresponding  months 
of  the  two  previous  years.  This  suggests  that  the  snowfall  in  1907-1908  was  exception- 
ally great.  The  slow  advances  of  Miles  and  Grinnell  Glaciers  in  1910,  of  Heney  Gla- 
cier in  1911,  and  of  Allen  Glacier  in  1912,  described  on  subsequent  pages  of  this  book, 
suggest  that  the  advances  of  all  five  of  these  glaciers  may  be  due  to  increased  snowfall 
in  1902-1903  or  1906-1908,  but  the  junior  author  does  not  feel  that  a  sufficient  body 
of  fact  is  as  yet  available  for  choosing  between  the  climatic  and  earthquake  hypotheses. 

The  Terminal  Moraine  of  Childs  Glacier,  There  is  unmistakable  evidence  that  Childs 
Glacier  formerly  spread  out  in  a  great  bulb,  similar  to  the  present  bulbs  of  Allen,  Sher- 
idan, and  Miles  Glaciers.  The  proof  of  this  is  found  in  the  remnants  of  the  great  ter- 
minal moraine  of  Childs  Glacier.  There  are  five  of  these  residual  masses  of  glacial 
drift  around  the  periphery  of  the  former  bulb  (PI.  CLXV)  and  m,  m  (PI.  CLVI). 
The  moraine  is  an  ancient  one,  everywhere  clothed  with  dense  vegetation,  chiefly  alder 
and  Cottonwood. 

The  first  of  these  is  the  600  foot  hill  on  the  western  side  of  the  Copper  River  valley, 
immediately  north  of  Childs  Glacier.  It  is  a  curved  ridge  extending  eastward  a  mile 
and  a  quarter  from  the  valley  wall.  Its  crest  everywhere  rises  400  feet  above  sea  level, 
or  275  feet  above  the  adjacent  valley  bottom,  and  three  knobs  upon  it  reach  elevations 
100  and  200  feet  higher.  It  connects  with  a  500  foot  terrace  on  the  northern  slope  of 
the  valley  of  Childs  Glacier.  This  terrace  slopes  rapidly  westward  to  an  elevation  of 
1200  feet.  The  moraine  is  f  to  i  a  mile  wide  and,  in  places,  its  surface  has  pronounced 
minor  irregularities.     Its  slopes  are  very  steep. 

This  moraine  remnant  was  at  first  thought  to  be  a  rock  hill,  especially  as  it  rises 
much  higher  than  any  other  moraine  accumulation  in  the  Copper  River  valley.     In 

1  Martin,  Lawrence,  Alaskan  Earthquakes  of  1899,  Bull.  Geol.  Soc.  Amer.,  Vol.  XXI,  1910,  pp.  351-352,. 
856,  364-365,  373,  374;  Tarr,  R.  S.  and  Martin,  Lawrence,  Professional  Paper  69,  U.  S.  Geol.  Survey,  1912,  pp. 
49-50. 

*  Martin,  Lawrence,  op.  cit.,  p.  401. 

*  Data  assembled  by  Miss  Maude  Reld  from  Weather  Bureau  records.  See  unpublished  thesis,  Univa^ 
rity  of  Wisconsin,  1913. 
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its  position,  however,  it  is  out  of  harmony  with  any  other  uneroded  rock  spurs  along 
the  Copper  River,  though  perfectly  normal  as  a  morainic  accumulation  of  Childs  Gla- 
cier. Repeated  traverses  of  its  slopes  have  revealed  no  rock  ledges,  and  no  rock  in 
place  is  found  in  the  existing  exposures.  The  first  of  these  is  at  the  extreme  eastern 
end,  where  the  grading  for  the  Copper  River  and  Northwestern  Railway  cut  into  the  end 
of  the  moraine  for  f  of  a  mile.  Here  all  of  the  material  was  till,  with  large  bowlders 
imbedded  in  fine  clay.  The  other  exposure  is  at  the  western  end  of  the  moraine,  where 
Childs  Glacier  has  cut  into  the  edge  of  the  moraine  terrace,  revealing  no  rock,  but  till 
and  stratified  gravel.  These  relationships  prove  that  this  is  a  morainic  accumulation 
and  not  a  rock  hill,  and  it  is  also  clear  that  this  is  a  moraine  built  by  Childs  Glacier 
and  not  by  the  former  trunk  glacier  of  the  Copper  River  canyon. 

There  is  a  gap  of  a  mile  and  a  half  between  this  large  northern  ridge  and  the  next 
two  remnants  of  the  terminal  moraine  of  Childs  Glacier.  They  are  each  small  knobs, 
lying  obscurely  in  the  forest  between  the  railway  and  Miles  Glacier.  The  northern- 
most is  a  small  hillock,  rising  to  a  height  of  302  feet,  or  over  100  feet  above  the  adja- 
cent outwash  plain.  It  lies  just  in  the  edge  of  a  more-recent,  low,  terminal  moraine 
of  Miles  Glacier  (PI.  CLXV)  and  is  made  up  partly  of  rounded  gravels.  The  other 
small  residual  of  the  terminal  moraine  of  Childs  Glacier  is  a  long,  low  ridge  which 
probably  marks  the  easternmost  portion  of  the  former  bulb. 

The  fourth  hilly  area  which  represents  part  of  the  terminal  moraine  of  Childs  Glacier 
is  fairly  large,  but  does  not  rise  very  high  above  the  outwash  plain.  It  extends  from 
the  railway  to  the  Copper  River,  beginning  with  a  single,  steep-sided  ridge  which  crosses 
the  railway  west  of  Mile  Post  47.  Close  to  the  railway,  it  is  a  narrow,  sinuous  ridge, 
esker-like  in  places,  but  generally  with  knobs  and  kettles,  and,  at  one  locality,  divided 
into  parallel  ridges  which  enclose  the  basin  of  a  large  pond.  Near  the  railway  it  rises 
25  to  40  feet  above  the  adjacent  plain  of  outwash  gravels,  which  is  perfectly  smooth 
except  where  trenched  by  parallel,  southwest-trending  channels  of  the  former  streams 
from  Miles  Glacier.  This  moraine  broadens  and  becomes  more  irregular  as  it  extends 
southwestward  and,  near  the  Copper  River,  rises  to  an  elevation  of  100  to  200  feet. 

The  fifth  and  southernmost  remnant  of  this  terminal  moraine  lies  south  of  Childs 
Glacier  and  west  of  Copper  River,  which  has  cut  a  steep  cliff  in  it.  The  moraine  is 
210  feet  high  and  extends  close  up  to  the  present  margin  of  Childs  Glacier  (PL  CLXV). 

The  expanded  bulb  of  Childs  Glacier,  which  built  this  terminal  moraine,  was  at  least 
4^  miles  wide  and  projected  1^  miles  farther  east  in  the  Copper  River  valley  than  the 
present  ice  front.  The  time  of  its  maximum  independent  expansion  was  later  than 
the  stage  of  a  trunk  glacier  in  Copper  River  valley,  and  must  have  also  been  a  time 
of  diminution  of  the  present  bulb  of  Miles  Glacier,  which  overlaps  it  in  part.  The 
Childs  Glacier  evidently  retained  this  advanced  position  for  an  exceedingly  long  time 
in  order  to  produce  these  large  morainic  accumulations.  The  Copper  River  necessarily 
flowed  then  on  the  eastern  side  of  its  valley.  The  latest  shifting  of  the  Copper  River 
toward  the  western  side  of  the  valley,  doubtless  at  a  time  of  expansion  of  the  Miles  Gla- 
cier bulb,  resulted  in  the  cutting  away  of  portions  of  this  terminal  moraine,  as  well  as  in 
the  destruction  of  the  ice  bulb  of  Childs  Glacier.  Subsequently  the  outwash  gravels 
were  deposited  between  the  moraine  remnants  by  streams  from  Miles  Glacier,  and  the 
Copper  River  was  forced  over  to  its  present  course,  where  it  undercuts  the  front  of 
Childs  Glacier  and  prevents  its  terminus  from  expanding  into  a  symmetrical  bulb. 
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IX)CATIOX   AND   RELATIONSHIPS 

The  Miles  and  Grinnell  Glaciers  are  located  just  north  of  Childs  Glacier,  25  or  30 
miles  ahove  the  mouth  of  Copper  River  (IM.  XCIII),  in  the  lower  part  of  the  canyon 
by  which  the  river  crosses  the  Chugach  Mountains.  At  this  point  the  Copi>er  River 
valley  is  from  2^  to  4  miles  wide  at  the  bottom  and  its  walls  rise  abruptly  to  elevations 
of  from  8000  to  6000  feet.  Farther  south  tlie  valley  walls  flare  apart,  the  width  being 
IS  miles  near  tlie  sea;  and  the  glaciers  discussed  in  this  chapter  are  at  the  head  of  the 
V-shaped  indentation  with  which  tlie  Copper  River  canyon  ends. 

Here  four  glaciers  enter  the  valley  near  by  at  right  angles  to  its  course  (Map  9,  in 
pocket).  Miles  Glacier  coming  from  the  east  and  Childs,  Grinnell,  and  Allen  Glaciers 
from  tlie  west.  Their  termini  are  from  125  to  !200  feet  above  sea  level.  Miles  and 
Allen  Glaciers  extend  completely  across  the  main  valley,  forcing  the  Copper  River 
first  against  one  mountain  wall,  then  the  other,  so  that  it  WTithes  between  the  glaciers 
in  a  sinuous  course.  Miles  and  Allen  Glaciers,  like  Childs  Glacier,  each  act  as  a  dam 
to  the  river,  causing  rapids  opposite  the  end  of  each  of  the  three  glaciers,  and  above 
tliese,  such  relatively  slack  water  as  to  give  rise  in  each  case  to  a  lake-like  expanse. 
The  expansion  above  Childs  Glacier  is  a  broad  lake,  into  which  Miles  Glacier  dis- 
charges icebergs,  but  the  other  expansions  are  mere  enlargements  of  the  width  of  the 
river.  There  is  no  name  for  the  rapids  opposite  the  end  of  Childs  Glacier,  but  the 
rapids  opposite  the  termini  of  Miles  and  Allen  Glaciers  are  called  Abercrombie  Rapids 
and  Baird  Canyon  Rapids  respectively. 

Copper  River  is  fed  chiefly  by  glacial  streams,  receiving  the  drainage  of  some  of  the 
glaciers  on  the  southern  side  of  the  Alaska  Range,  of  a  large  proportion  of  the  glacier 
system  of  the  Wrangell  Mountains,  and  of  the  glaciers  along  200  miles  of  the  northern 
slopes  of  tlie  Chugach  Mountains.  To  this  already  great  supply  is  added  much  water 
from  Allen,  Miles,  and  Childs  Glaciers. 

After  the  railway  crosses  the  river  by  the  high  steel  bridge  between  Miles  and  Childs 
Glaciers  it  passes  over  the  tip  of  Grinnell  Glacier,  and  close  to  the  northern  part  of  Miles 
Glacier  near  Abercrombie  Rapids. 

Miles  Glacier 

General  Description.  Miles  Glacier  (PI.  XCIII)  flows  westward  into  the  Copper  River 
valley  from  an  unexplored  source  in  the  Chugach  Mountains.  Only  the  lower  15  miles 
of  the  glacier  have  been  mapped  (Map  9),  but  much  more  than  this  is  visible  from 
the  railway,  and  it  is  probably  40  or  50  miles  long.  It  rises  in  snowfields,  north  of 
Bering  and  Martin  River  Glaciers,  where  Mt.  Hawkins  ^  and  several  other  peaks  rise 

1  Named  in  1910  for  the  late  £.  C.  Hawkimi,  the  engineer  who  built  the  Copper  River  and  NorthwefteiB 
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to  heights  (rf  8000  to  10,000  feet  near  the  head  of  the  Miles  Glacier.  Within  the  mouo- 
tain  vaUey  the  glacier  has  a  width  of  two  to  two  and  a  half  miles  and  it  receives  at  least 
three  tributaries  in  its  lower  course.  There  are  one  or  two  rather  weak  medial  mo- 
raines, but  there  are  broad  lateral  morujies;  that  on  the  north  having  a  width  of  an 
^^th  of  a  mile,  whUe  the  southern  lateral  is  half  a  mile  to  a  mile  in  width.  Throughout 
its  visible  course,  in  this  mountain  valley,  this  ice  stream  is  severely  crevassed. 

Where  it  emerges  into  the  Copper  River  valley,  the  Miles  Glacier  spreads  out  in 
a  great  bulb,  the  width  increasing  from  %}  miles  in  the  mouth  of  the  valley  to  6)  nules, 
measured  from  the  northern  to  the  southern  edge.  This  bulb  has  two  quite  different 
portions,  a  precipitous  ice  wall  on  the  south,  and  a  moraine-covered  piedmont  area  in 


Fm.  60.    M&r  to  Illubtbatb  Sub  of  Cmuw  akd  Miles  Gluxebb. 


the  northern  portion.  The  southern  half  protrudes  only  slightly  from  the  mountain 
valley,  ending  in  a  vertical,  white,  ice  cliff  (PI.  CLVIII,  B)  which  discharges  icebergs 
into  the  lake-like  expanse  of  Copper  River  caused  by  the  Childs  Glacier  constriction 
just  below.  This  cliff  is  about  three  and  a  half  miles  long  and  at  least  2(H>  feet  high. 
On  the  southern  border  of  this  clear  ice  terminus  is  a  detat^ed  strip  of  ice  completely 
mantled  by  morunic  debris,  making  it  impossible  to  judge  exactly  where  the  ice  ends. 
This  is  opposite  the  terminus  of  the  broad  strip  of  lateral  mor»ne,  barren  of  vege- 
tation, whidi  extends  up  the  southern  border  of  the  glacier. 

The  northern  half  of  the  Miles  Glacier  terminus,  into  which  the  ice  cliff  grades,  pro- 
jects westward  a  distance  of  three  and  a  half  miles,  forcing  the  Copper  River  clear 
across  the  vall^  and  into  a  marginal  channel  on  the  western  side,  where  the  constric- 
tion causes  Abercrombie  Rt^ids.    This  part  of  fifties  Glacier  looks  so  little  like  a  glacier 
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that  it  has  not  been  represented  as  such  on  some  of  the  maps;  for  it  is  stagnant,  mo- 
raine-veneered, and  vegetation-covered,  ice  sliowinj;  only  here  and  there  where  the 
moraine  is  slumping  (PI.  CLVII)  as  the  unstable  foundation  slowly  melts.  Quite  in 
contnt'it  to  the  ice  cliff  portion,  there  is  no  discharge  of  icel»ergs  from  any  part  of  this 
moraine-covered  margin.  It  is  nearly  twelve  and  a  half  miles  around  the  periphery  of 
the  Miles  (ilacier  front,  passing  along  the  ice  cliff,  then,  in  a  great  cur\'e,  around  the 
margin  of  the  moraine-covered  hull). 

As  seen  from  the  railway  at  Miles  (ilacier  sUition,  the  Miles  Glacier  is  less  impressive 
than  the  Childs,  which  is  nearer.  The  real  difference  in  magnitude  may  be  appreciated 
from  Fig.  60,  which  shows  the  Miles  and  Childs  Glaciers  with  sketches  of  several  of 
the  larger  glaciers  of  the  United  States  and  Canada,  on  the  same  scale,  superimposed 
upon  them. 

Obserraiions  by  the  Russians,  Several  explorers  have  quoted  the  Copper  River  natives 
as  saying  that  in  early  times,  Ix^fore  the  Russian  explorations.  Miles  and  Childs  GhuJers 
were  united,  with  the  Copper  River  flowing  underneath.  \Miile  not  at  all  improbable, 
there  are  no  known  facts  to  verify  this. 

As  in  the  case  of  Childs  Glacier  the  date  of  the  Russian  obser\'ations  quoted  by 
Grewingk  in  1850  is  not  known;  nor  is  it  known  whetlier  these  are  Grewingk's  own 
observations  or  thase  of  some  one  else.  The  Russians  who  are  known  to  have  gone  up 
Copper  River  are  Nagaief  in  1783,^  and  several  others  up  to  the  time  of  Serebrannikoff 
in  1847.^  Tlie  obser\'er  to  whom  Grewingk  refers  may  possibly  have  been  a  sailor  like 
Nagaief  ratlier  than  a  trader  like  Serebrannikoff  and  some  of  the  others,  for  he  gives 
the  thickness  of  the  ice  in  fathoms,  not  in  feet. 

(irewingk  *  stated  in  1850  that  *'tlie  ravines  filled  with  ice  twenty  fathoms  thick  aie 
a  mile  wide  at  the  river,  and  in  some  places  the  ice  is  covered  with  earth  in  which  grow 
mosses,  berry  bushes,  and  the  alder.  Frequently  we  can  see  the  icebergs  *  covered  with 
soil  and  a  growth  of  green  bushes  and  ripe  berries. 

"Rapids  have  been  formed  above  the  canyon  where  the  current  of  the  water  has 
cut  through  the  glaciers  .  .  .  and  beyond  these  rapids  no  more  ice  is  found,  and 
the  sea  breezes  and  the  fogs  do  not  reach." 

This  seems  to  be  a  description  of  the  stagnant,  northern  part  of  Miles  Glacier  at 
Abercrombie  Rapids  and  perhaps  of  Allen  Glacier,  above  which  there  are  no  other  laige 
glaciers  that  the  Russian  explorer  would  have  seen  from  the  river. 

Observations  by  Army  Officers  and  Government  Geologists.  Abercrombie  spent  Ju^jr 
and  August,  1884,  near  Miles  Glacier,  making  a  map,  taking  a  number  of  photogrqihSv 
afterwards  reproduced  in  Allen's  report  of  the  army  expedition  of  1885»  and  recording 
some  facts  concerning  the  glacier.^    Its  middle  portion  was  severely  crevassed.  for  in 

1  Bancroft,  H.  II.,  Histoo'  of  Alaska,  Vol.  XXXIII,  San  Francisco,  1886,  p.  187. 

'Journal  of  the  Russian  Geographical  Society,  St.  Petersburg,  1849,  translated  by  S.  N.  Buynitiit  and 
quoted  by  H.  T.  Allen,  in  Narratives  of  Explorations  in  Alaska,  Senate  Kept.  1023,  56tli  Congreu,  lit  R*^««ini, 
W'ashington,  1900,  pp.  412-413;  Dall,  W.  H.,  Alaska  and  Its  Resources,  Boston,  1870,  p.  348. 

s  Grewingk,  C,  Bcitrag  zur  Kenntniss  der  Orographisdien  und  Geognostischen  Bcschaffenheit  der  NoidiresU 
KUste  Amerikas  mit  den  Anliegenden  Inseln,  Verfaandl.  Russ.  Kaiserl.  Mineral.  Gesdl.  so  St.  Petewbuig^ 
1848  und  1849,  pp.  34-5. 

«  Probably  meaning  the  glacier  rather  than  icebergs. 

>  Abercrombie,  W.  R.,  Supplementary  Expedition  into  the  Copper  River  Valley,  Alaska,  1884*  NanatiTCB 
of  Explorations  in  Alaska,  Washington,  1900,  pp.  880,  889-890. 
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A.    Terminal  Cascade  of  Chenega  Glacier 

Cumpared  in  height  with  Washington  Monument,  which  is  550  feet  high.     Photograph,  August  9,  1910,  from 
Photo  Station  C, 


B.r;THE    AdVANCIN 

Near  the  northern  edge  in  1910,  when  this  porti 

a  day.     Photograph,  August,  1910. 


Termiws  of  Childs  Glacier 

adi'aneing  into  the  forest  at  the  mte  uf  about  3}  feet 
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A.    Low  Watkr  Stace  of  Copper  Rivf.r 
AVith  infrequcnl  ice  falls,  Ijing  on  a  gravel  bur  at  the  base  of  Ciiilds  Glacier  cliff. 
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Nine  Maps  of  the  Same  Portion  of  toe  Advancing  Front  of  Chilm  Glacier  in  1010 

After  suncj3  by  railway  engineers  and  the  National  Geographic  Scxiety.    On  each  map  the  laat  previous  ice  front 

is  shown  by  a  light  line. 


Holding  Copper  River 


A.     Mii.Es  GiAciER,  ON  Left 
1  mai^nsl  channel  of  Abercrombie  Rapids.     Steep  mountain  wall  on  right. 
Photograph.  leOQ. 
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L  Hawkins  and  \iva  Clc\e  GUit 
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August  they  tried  to  cross  it  from  the  south  but  were  turned  back.  Its  northern  por- 
tion extended  clear  across  the  main  valley  up  to  the  west  wall,  while  the  southern  part 
had  retreated  to  form  a  small  part  of  the  present  lake.  Abercrombie  vividly  describes 
the  rapids  and  says  that  the  river  was  only  150  yards  wide,  running  10  or  15  miles  an 
hour  in  midstream.  Just  below  the  rapids  the  river  split  into  four  large  channels,  down 
which  the  water  rushed  ''at  a  terrific  rate  of  speed  into  a  large  basin  formed  by  this 
monster  glacier  in  days  gone  by."  Of  Abercrombie's  two  1884  photographs,  reproduced 
in  Allen's  report,^  one  shows  the  rapids  and  the  ice  cliff  of  the  southern  portion  somewhat 
as  they  were  in  1910,  though  the  ice  cliff  was  further  out;  and  it  also  shows  almost  the 
same  distribution  of  lateral  moraine  on  the  northern  side  of  the  glacier  as  in  1910. 
The  other  shows  not  only  that  the  northern  portion  of  Miles  Glacier  extended  across 
the  valley  more  than  27  years  ago  but  that  it  was  even  then  stagnant^  and  mo- 
raine-covered, with  vegetation  growing  upon  it,  and  in  process  of  being  undermined  by 
slumping,  as  in  1909  and  1910. 

When  Allen  *  went  up  Copper  River  in  April,  1885,  he  observed  that  west  of  Miles 
Glacier  the  river  bed  was  800  yards  wide  in  contrast  with  its  width  of  only  125  yards 
east  of  Childs  Glacier  and  of  50  yards  in  Abercrombie  Canyon. 

Allen  *  recognized  that  the  vegetation-covered  hills  between  Childs  Glacier  and  the 
southern  margin  of  Miles  Glacier,  were  morainic  and  associated  with  a  former  expansion 
of  these  glaciers,  indeed  stating  that  the  drift  grades  indistinguishably  into  the  southern 
edge  of  Miles  Glacier,  as  we  observed  it  to  do  in  1909. 

When  Hayes  descended  Copper  River  in  August,  1891,  he  made  a  sketch  map  showing 
the  specific  conditions  at  Miles  Glacier,  which  he  also  described  as  follows:  ^ 

''A  couple  of  days  brought  us  down  to  Miles  Glacier,  where  the  river  tumbles  over 
a  dam  of  huge  moraine  bowlders.  It  is  necessary  to  make  a  portage  here  sometimes 
across  both  moraine  and  glacier.  Crossing  about  two  miles  of  moraine  covered  with 
a  dense  alder  thicket,  we  came  out  upon  a  high  ridge  of  freshly  deposited  bowlders. 
Immediately  in  front  was  a  broad  expansion  of  the  river  in  front  of  the  glacier,  which 
formed  an  ice  cliff  along  one  side  nearly  four  hundred  feet  in  height.  Bergs  were  almost 
constantly  falling,  with  reports  like  thunder,  dashing  the  spray  high  above  the  top 
of  the  cliff.  The  current  of  the  river  sets  across  the  lake  toward  the  front  of  the  glacier, 
and  where  it  meets  the  swell  produced  by  a  falling  mass  of  ice  the  water  is  thrown  into 
enormous  breakers  which,  with  the  grinding  icebergs,  would  swamp  a  boat  instantly." 

"Miles  Glacier  is  quite  comparable  in  size  with  those  of  the  St.  Elias  region  and  is 
formed  under  essentially  the  same  climatic  conditions.  It  is  evidently  retreating  at 
present,  and  the  river  spreads  out  in  a  lake-like  expansion  along  its  front  in  a  part  of 
the  glacial  channel  from  which  the  ice  has  receded.  This  expansion  of  the  river  is  about 
a  mile  in  width  and  one  side  is  formed  by  the  glacier  front,  a  cliff  of  ice  850  feet  above 
the  water  and  over  five  miles  in  length.  Although  the  ice  no  longer  reaches  entirely 
across  the  valley,  there  remains  a  heavy  lateral  moraine,  indicating  its  former  position 

i  Expedition  to  the  Copper,  Tanaoa,  and  Eoyukuk  Riven,  1885,  Washington,  1887,  Plates  5  and  6;  Narra- 
tives of  Explorations  in  Alaska,  Washington,  1900,  opposite  pp.  426  and  427. 

s  Allen,  H.  T.,  Expedition  to  Copper,  Xanana,  and  Koyukuk  Rivers,  Washington,  1887,  p.  42,  and  Map  2; 
also  in  Narratives  of  Explorations  in  Alaska,  Washington,  1900,  pp.  424-5, 480-7. 

« Allen,  H.  T.,  Copper  River,  Alaska,  Glacial  Action,  Science,  Vol.  Vm,  1886,  pp.  145-146. 

« Hayes,  C.  W.,  E^oiatioii  Through  the  Yukon  District,  Nat.  Geog.  Biag.,  Vol.  IV,  1892,  pp.  126, 154. 
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and  dBmnuDg  back  tiie  river  as  alreadr  described.  The  fact  tiiat  the  river  has  cut  only 
part  way  through  the  moraine  indicated  a  very  recent  recession  of  the  glacier." 

Although  no  reference  is  made  to  ice  beneath  the  moraine,  there  can  be  no  doubt 
that  it  was  there  in  1891i  as  it  was  in  1909. 

Abercrombie  revisited  Miles  Glacier  and  Abercrombie  Rapids  in  October,  1898,  four- 
teen years  after  his  first  visit,  and  states  that  "the  glacier  is  very  much  emaciated, 
and  the  channels  through  which  the  water  rushes  are  much  wider.  The  current,  while 
less  violent,  is  still  tA  such  a  character  as  to  preclude  any  thought  of  navigation  under 
any  condition.  Shooting  the  first  and  second  rapids  successfully  the  little  party  dropped 
down  through  the  third  and  proceeded  down  the  river  past  Childs  Glacier.    On  the 
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faces  of  both  Childs  and  Miles  glaciers  I  noticed  a  veiy  marked  change.  Miles  Glacier 
had  receded  toward  Mt.  St.  Elias  some  5  or  6  miles.  Where  in  1884  the  Copper  washed 
the  face  of  this  glacier  was  now  an  immense  lake.' 

He  further  states  that  at  the  head  of  Abercrombie  R^ids,  Miles  Glacier  is  "covered 
with  an  immense  amount  of  mormnic  matter  and  a  dense  growth  of  alders,  which  ef- 
fectively protect  the  glacier  proper  from  inroads  by  the  river."  What  has  since  been 
named  Abercrombie  Canyon  "has  a  canyon  wall  on  the  ri^t  side  only.  The  Irft  is 
formed  by  the  encroachment  of  Miles  Glacier."  The  rapids  are  "known,  respectively, 
as  the  first,  second,  third,  and  fourth  rapids.  When  I  first  visited  this  canyon,  in  1884, 
there  was  but  one  rapid,  the  first.     On  my  return  this  season  the  ematnation  of  the 

>  AbercTDmbie,  W.  R.,  Reports  of  Eiplontions  in  the  Territoi?  ot  Alaalu,  1898,  Wu  Dept.,  Adj.-Gen.  Office. 
No.  XXV,  WaahingtOD,  1809,  pp.  81S.  820-922;  Koehter,  B.  A.,  Sune.  p.  431:  Baaertr.  J.  J..  Skme.  pp. 
M9~U0;  alK>  in  Nurattvet  of  Eiplomtioni  in  Alaska,  Waahingtim.  1900. 
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glacier  was  veiy  marked.  To  the  left  of  the  second  rapid  the  river  had  cut  out 
the  bowlders  and  worn  a  huge  hole  in  the  glacier,^  some  50  or  60  acres  in  area,  which  is 
the  entering  wedge  for  the  formation  of  a  new  channel.  The  face  of  Miles  Glacier  below 
the  fourth  rapid,  has  receded  some  5  or  6  miles  to  the  east,  or  back  from  the  river,  and 
during  the  months  of  June,  July,  and  August,  the  falling  of  bergs  cut  out  by  the  com- 
paratively warm  river  water  from  this  glacier  keep  up  a  continual  roar,  as  they  fall  oS.** 

Corporal  Koehler  states  that  "'during  October  tons  and  tons  of  ice  broke  o£F  Miles 
Glacier  which  caused  a  noise  like  thunder  and  made  the  swells  of  the  river  almost  reach 
the  camp.  In  the  morning  the  bay  was  found  to  be  blocked  by  ice.  Only  to  the  ex- 
treme right  was  there  an  opening  sufficient  through  which  to  navigate  the  boat."  Guide 
Rafferty  indicates  that  Miles  Glacier  was  much  the  same  in  July  as  in  October,  1898. 

By  October,  1900,  the  southern  half  of  Miles  Glacier  seems  to  have  retreated  still 
farther,  the  ice  cli£F  photographed  by  Schrader  and  Spencer  and  mapped  by  Wither- 
spoon  being  farther  back  at  least  than  in  Hayes'  sketch  map  of  1891,  and  the  lake  being 
larger.'  This  map  does  not  represent  as  ice  the  stagnant  northern  portion  of  the  glacier 
which  causes  Abercrombie  Rapids,  showing  only  a  narrow  distributary  ice  tongue  north 
of  the  main  glacier,  doubtless  where  there  was  clear  ice  visible.  Earlier  observations 
prove  that  ice  must  have  imderlain  this  whole  moraine-covered  belt  in  1900.  A.  C. 
Spencer  has  stated'  that  marked  recession  of  Miles  Glacier  took  place  between  1899 
and  1900. 

In  August,  1905,  the  Miles  Glacier  was  photographed  by  Webster  Brown,  and  in 
October,  1907,  by  F.  H.  Moffit,  of  the  U.  S.  Geological  Survey.  The  photographs  by 
Moffit  show  that  one  lobe  of  the  ice  front  terminating  in  the  lake  retreated  approxi- 
mately 1700  feet  between  1900  and  1907,  by  comparison  with  the  Schrader  and  Spencer 
photographs. 

Observations  by  the  Railway  Engineers.  The  railway  and  bridge  engineers  of  the 
Copper  River  and  Northwestern  Railway  surveyed  their  right  of  way  west  of  Miles 
Glacier  and  built  their  great  steel  bridge  and  the  railway  between  1906  and  1910,  map- 
ping the  cliff  of  Miles  Glacier,  the  lake  and  its  outlet,  and  the  Abercrombie  Rapids. 
Their  maps  show  marked  enlargement  of  the  lake  between  1900  and  1908,  with  a  slight 
recession  on  the  south  side  of  the  glacier  so  that  the  middle  projects  in  a  pronounced 
point.    A  later  map  shows  advance  of  the  glacier  and  decrease  in  width  of  the  lake. 

The  railway  engineers  made  soundings  in  the  lake,  measured  the  velocity  of  the 
stream  at  the  outlet  of  the  lake,  determined  the  rate  of  iceberg  flow,  bored  through 
the  glacial  deposits  near  the  bridge,  kept  a  detailed  meteorological  record  for  three 
years,  and  made  many  general  observations,  from  their  camp  between  Childs  and  Miles 
Glaciers,  where  th^  were  building  the  steel  bridge  across  Copper  River  and  operating 
a  car  ferry  across  the  Miles  Glacier  lake  in  1909  and  1910.  Many  excellent  photo- 
graphs of  Miles  Glacier  were  also  taken  by  individual  engineers,  and  by  E.  A.  Hegg, 
of  Cordova. 

>  The  Bearhole. 

s  Geology  and  Mineral  Reaouroes  of  a  Portion  of  the  Copper  River  District,  House  Doc.  546,  iS6th  Congress, 
fnd  Session,  Washington,  1900,  PI.  Xm  B,  and  map,  PI.  11;  also  reproduced  as  PL  XII,  in  Bull.  284,  U.  S. 
Geol.  Survey,  1906.  A  later  edition  of  'Witherspoon's  map  of  Miles  Glacier,  with  sli|^t  modifications,  in- 
cluding the  widening  of  the  lake  through  the  retreat  of  the  ice  front,  has  also  been  published  by  the  U.  S.  Geol. 
Surv^,  Bull.  S74, 1909,  PI.  I. 

I  In  H.  F.  Rod's  Variations  of  Gladers,  Joum.  Geol.  Vol.  IX,  1901,  p.  85S. 
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Observations  by  the  Nalumtd  Oeogra-phic  Society's  ExpediHons.  Our  own  studies  of 
Miles  Glacier  were  made  by  both  authors  in  August,  1909,  and  by  the  junior  author  in 
August  and  September,  1910,  and  in  June,  1911.  The  first  set  of  observations  *  was 
limited  to  parts  of  two  days,  while  those  in  1910  '  occupied  parts  of  two  weeks,  during 
which  we  made  detailed  studies  and  took  many  photogT^>hs,  while  Mr.  Lewis  made 
the  topographic  map  reproduced  as  Map  9  (in  pocket).  The  study  of  Miles  Glacier  in 
1911  occupied  only  a  few  days,  dealing  chiefly  with  conditions  of  former  ^a4nation 
rather  than  with  Miles  Glacier  itself. 

The  Miles,  a  BvU)  Glacier — General  Conditions.  Miles  Glacier  is  ao  excellent  example 
of  a  bulb  glacier,  a  class  intermediate  between  the  valley  glaciers  and  the  piedmont 
glaciers.  Miles  Glacier  is  a  bulb  glacier  which,  on  emerging  from  its  mountain  valley 
into  the  flatter  grade  of  the  broad  Copper  River  valley,  spreads  out  in  a  bulb  or  fan 
Qdap  9).     The  valley  glacier  and  the  bulb  will  be  discussed  separately. 

The  Valley  Glacier.  The  valley  glacier  (Fig.  61)  appears  to  be  perfectly  normaL 
It  has  severely  crevaased  white  ice  with  rather  broad  lateral  moraines  in  which  the 
ice  is  little  crevassed.  Its  mountain  walls  (Fig.  62)  rise  to  heights  of  2300  to  4900  feet, 
with  slopes  at  the  rate  of  three  to  six  thousand  feet  to  the  mile.    The  number  of  tiibutaiy 
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ice  streams  is  unknown,  but  there  are  two  prominent  ones  entering  the  main  glacier  from 
the  south,  four  and  nine  miles  respectively,  from  the  terminus,  and  another  large  one 
coming  in  from  the  northeast  ten  miles  from  the  end.  This  tributary  ice  tongue,  Van 
Cleve  Glacier,*  is  over  a  mile  wide  and  enters  the  main  glacier  at  an  elevation  of  1800 
feet  above  sea  level. 

The  surface  of  the  mwn  valley  glacier  slopes  at  the  rate  of  less  than  IBO  feet  to  the 
mile,  but  three  miles  from  the  terminus,  the  slope  steepens  to  173  feet  per  mile,  and 
just  before  reaching  the  ice  precipice  in  the  lake,  the  slope  increases  to  660  feet  pa 
mile,  as  if  Miles  Glacier  valley  had  a  hanging  relationship  to  the  main  Copper  River 
valley. 

The  Ice  Cliff.  The  portion  of  the  ice  front  which  discharges  bergs  into  Miles  Lake 
is  essentially  the  terminus  of  the  valley  glacier  (PI.  CLIX).  The  southern  edge  is 
exactly  at  the  mouth  of  the  valley,  for  this  part  of  the  glacier  does  not  spread  out  beyond 

•  TaiT,  R.  S.  and  Martin,  Lawieoce.  Nat.  Geog.  Mag.,  VtA.  XXI,  1910,  pp.  lS-14,  !3,  ST. 

>  MartiB,  LawrcQce,  Nat.  Geog.  Mag.,  Vol.  XXn,  1911.  pp.  64e-S4S;  in  H.  F.  Reid's  Variations  of  Gladen 
forI910,Jouni,G«ol.,  Vol.  XIX.  1911,  p,4£8;  ZeibKbrift  fUr  Gktscherkunde,  Band  VI,  1911,p.  103;  Maitti^ 
ing  the  Alaskan  Glacier  Barriera,  Scientific  American  Supplement,  Vol.  LXXI,  1911,  pp.  808-307;  Peta^ 
maniu  Geog.  Mitteilungen,  Jahrgang  1912.  SeptemberlieFt,  Tafd  9. 

•  Named  in  1910,  tor  J.  R.  Van  Cleve,  GcdcibI  Manager  of  the  Oypgvr  River  and  Northweateni  Railway. 


MILES  AND  GRINNELL  GLACIERS  4£1 

the  mountain  vall^;  but  the  northern  edge  merges  into  the  moraine-covered  piedmont 
bulb.  The  ice  cliff  is  irregular,  with  great  capes  and  coves,  but  it  is  not  as  high  as  the 
cliff  of  Childs  Glacier.  Hie  form  of  the  ice  cliff  has  varied  in  detail  throughout  the 
period  of  observations  and  there  have  been  several  changes  of  moderate  amount. 

The  Btdb  and  the  Marginal  Channel,  The  second  or  bulb  portion  of  Miles  Glacier 
is  represented  by  the  stagnant  northern  part,  and  by  the  lake  basin  from  which  the 
bulb  has  melted  away.  The  stagnant  northern  part  of  the  bulb  still  extends  clear  across 
the  valley,  as  it  did  at  the  time  of  the  last  great  advance  when  Copper  River  was  forced 
over  into  the  marginal  channel  (Fl.  CLVIII,  A)  which  it  now  occupies.  This  northern 
portion,  which  rises  to  a  height  of  480  feet  above  the  lake,  or  500  to  656  feet  above  sea 
level,  is  all  covered  with  ablation  moraine,  on  which  is  a  continuous  alder  growth, 
except  where,  as  the  ice  melts,  slumping  has  undermined  the  vegetation  and  let  the 
moraine  slide  off  the  ice.  Many  small  patches  of  this  nature  opposite  Abercrombie 
Rapids  were  seen  by  us  in  1900-11  and  some  also  show  in  the  woodcut  from  Aber- 
crombie's  1884  photograph.  The  river  has  been  held  in  the  marginal  channel  through 
lack  of  retreat  of  this  portion  of  the  glacier,  which  is  of  course  much  retarded  by  the 
mantle  of  ablation  moraine  and  vegetation.  Many  enormous  glacial  bowlders  skirt 
the  river  bank  next  the  glacier,  evidently  helping  to  keep  the  river  in  its  channel. 
At  one  point  a  cove,  known  locally  as  "The  Bearhole,"  was  formed  in  the  glacier  by 
slumping  between  1884  and  1898. 

When  the  glacier  melts  completely  out  of  Copper  River  valley  the  site  of  the  rapids 
will  be  marked  by  an  abandoned  marginal  channel,  perhaps  cut  somewhat  into  the 
rock,  perhaps  with  one  side  missing,  where  the  ice-wall  now  rises.  It  is,  however,  pos- 
sible that  in  the  meantime  the  river  may  so  entrench  itself  in  a  rock  gorge  at  Aber- 
crombie Rapids  that  it  will  be  unable  to  regain  the  middle  of  the  vall^  after  the  stag- 
nant northern  part  of  the  glacier  melts  away.  It  is  not  known  how  rapidly  the  river 
is  cutting,  but  it  flows  with  great  velocity  (PL  CLX),  is  heavily  charged  with  sediment, 
and  receives  additional  load  from  the  rock  and  ice  walls.  At  the  foot  of  the  rapids 
it  has  carried  away  all  of  the  moraine  left  by  the  melting  ice  except  a  few  of  the 
largest  bowlders. 

The  stagnant  northern  portion  of  the  bulb  has  remained  in  about  the  same  condition 
from  some  time  before  1884  to  the  present  time. 

There  are  three  quite  different  zones  in  the  moraine-covered  bulb  which  were  studied 
in  detail  in  1910,  and  their  relative  areas  represented  on  the  map.  The  characteristics 
of  these  three  parts  are  stated  in  the  following  paragraphs: 

Zone  of  Thickest  Ablation  Moraine.  The  western  or  outermost  part  of  the  bulb  (Thick- 
est Ablation  Moraine,  Fig.  6S)  is  deeply  covered  with  ablation  moraine,  well  seen  in 
the  portions  facing  Abercrombie  Rapids  (PI.  CLX).  This  moraine  supports  a  dense 
growth  of  vegetation  (PI.  CLXI)  with  trees  estimated  to  be  about  50  years  old,  and 
with  only  scattered  small  areas  where  the  underlying  ice  is  revealed  by  slumping;  but 
ice  was  still  present  in  1910,  close  to  the  bank  of  the  Copper  River  at  Abercrombie 
Rapids  (PI.  CLVII),  and  along  the  northern  border  of  the  bulb  opposite  Allen  Glacier. 
Abercrombie's  photograph,  taken  26  years  before  our  visit,  shows  as  dense  a  growth  of 
vegetation  on  this  portion  of  the  bulb  as  at  present. 

Zone  of  Thick  Ablation  Moraine.  The  second  zone  (PI.  CLXV)  is  also  deeply  buried 
by  morainic  debris  underlain  by  ice.    Here  the  ice  is  inferred  to  be  less  thickly  covered 
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than  in  the  western  zone,  becmnae  it  is  revealed  in  more  abundant  sectians  and  is 
Annping  more  continually,  as  is  shofwn  by  the  general  absence  o£  vegetation.  The  fine 
between  these  two  nmes  is  a  fairly  sharp  one  in  some  fdaoes,  with  an  easl^^aciiKg 
bfaiff  between  the  f<xested  western  zone  d  dense  vegetation  and  the  relative|y4Mttien 
zone  east  d  it.  There  are  a  veiy  few  scattered  shrubs,  mostly  alders,  whidi  a|^>ear 
to  be  not  over  a  year  or  two  oU,  for  the  largest  were  ooiy  a  foot  or  two  in  heii^t, 
and  the  stems  but  a  quarter  of  an  indi  to  an  inch  in  diameter,  but  those  that  we  cot 
down  had  frmn  14  to  22  annual  rings.  The  stunted  cmidition  may  be  due  either  (a) 
to  the  ^ader  wind  and  the  addness  d  the  scmU  or  (b),  as  we  consider  more  likely,  to 
the  shifting  d  the  sofl  with  slumping,  as  the  ice  underneath  mdts,  killing  or  retarding 
the  growth  d  the  moss,  grass,  and  shrubs.  TUs  process  was  activd|y  in  fnogress  during 
our  visit  in  1910. 

In  this  zcMie,  especially  near  the  western  edge,  there  were  large  depressions  in  the  ice» 
with  a  d^th  d  frmn  30  to  100  fe^  often  containing  p<mds.  At  their  edges  the  mo- 
raine, wfaidi  was  2  to  3  feet  thidc,  was  continually  sliding  down  into  the  water,  and 
the  ice  thus  revealed  (FL  CLXU)  was  black  with  d^ris,  dearly  indicating  the  sooroe 
of  the  material  making  up  the  ablati<m  moraine.  There  were  also  a  few  long,  narrow 
▼alleys  without  lakes,  one  d  them  150  feet  or  more  in  depth,  with  steep  walls  d  bare 
ice,  suggesting  the  enlargonent  d  a  great  crevasse.  None  d  these  vaUqrs  was  con- 
tinuoos  f CNT  a  great  distance.  Farther  east  there  were  many  d^ris  ocmes,  rising  15  to 
25  feet  above  the  general  levd,  some  d  than  made  up  d  till  with  striated,  suban^olar 
bowlders,  and  containing  no  ioe.  Ifany  d  these  d£bris  ccmes  occur  along  lines,  f <Mining 
disccmtinuous  ridges  d  distinctive  rod^,  sometimes  differing  frmn  the  general  rode  mate- 
rial of  the  ablatirai  moraine,  sometimes  composed  of  coarse  stcmy  material,  rising 
slight^  above  the  general  levd  d  an  area  d  finer  d£bris.  These  rows  d  d^ris 
cones  are  interpreted  as  the  sites  d  firmer  crevasses. 

Hiiee  pronounced  ridges  dose  to  the  Co|^>er  River,  near  the  southern  border  of  the 
zone  ot  thick  abIati<Mi  m<»aine  (near  Fhoto.  Sta.  M,  Map  9),  were  from  10  to  15  feet 
high,  about  100  feet  apart,  and  made  up  d  very  coarse,  angular  rocks.  There  was 
slumping  in  one  d  these  between  1900,  when  Schrader  took  a  photograph,  and  our 
visit  in  1910,  showing  that  this  area  is  still  underlain  by  ice.  Whether  these  three  ridges 
are  crevasse  d^xisits,  or  recessional  moraines  is  uncertain. 

A  narrow  strip  d  moraine  on  the  bank  d  Copper  River  and  at  the  extreme  south- 
western point  d  the  area  d  thickest  ablation  moraine,  does  not  seem  to  be  slumping 
and  may  contain  no  ice  at  presoit.  There  are  large  ponds  in  it  and  it  apparently  has 
not  changed  at  all  between  1884  and  1910. 

The  northern  margin  d  the  river  and  lake  in  the  zone  of  thick  ablati<m  m<»aine  is 
made  up  d  (a)  moderatdy  ste^  cliffs  d  ice  from  which  the  debris  is  sliding,  (b)  partly 
d  sand  deposited  by  the  Cx^per  River  and  made  into  a  broad  slewing  beadi  by  the 
iceberg  waves  and  (c),  in  the  part  bordering  the  channd  by  which  the  main  river  enters 
the  lake,  d  very  coarse  stream-rounded  bowlders. 

Zone  of  Tkin  AbUxtion  Moraine.  In  the  third  zone  (Tliin  Ablation  Moraine,  Fig. 
63),  the  ablation  moraine  forms  an  exceeding  attenuated  veneer  in  most  places,  and 
bears  no  vegetation  whatsoever  (PL  (XXUI).  It  is  evidently  an  expanded  extension 
d  the  northern  lateral  moraine  d  the  valley  glacier,  and  is  separated  from  the  barren 
zone  d  thick  ablation  moraine  by  a  wdl-defined  line,  a  low,  west-facing  diff  B  ot  10 
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feet  bigh,  with  tlie  cone  of  thin  morune  standing  disUnctly  higher  than  tliat  of  barren 
thick  moraine.  The  eastern  edge  of  this  zone  ia  at  essenUally  tHe  same  level  as  the  clean 
ice  of  the  valley  glacier. 

Cause  for  Moraine  Zonet.  Tlie  separation  trf  the  Dorthem  portion  of  Miles  Glacier 
bulb  into  three  distinct  zones  calls  for  explanation,  for  the  condition  is  distinctly  not 
tliat  of  gradation  from  zone  to  zone,  but  of  duup  contrast  (PI.  CLXIV).  In  the  table 
below  the  significant  facts  are  contrasted. 

Table  CoNTRASTmo  Conditions  m  the  Thbeb  Zones  of  Ablation  Mobainb  on 
Miles  Glacieb 


Zone 

Moraine  Cover 

Slumpinif 

Vegetation 

Age  t(f  Trees 

Thickest  moraine 
Thick  moraine 

Several  feet 
A  few  feet 
A  few  inches 

Very  Uttle 
A  great  deal 

Rapid  melting 

Continuous 

Scattered 

None 

50  to  75  years 
14  to  22     " 

Fig.  63  is  a  cross-section  showing  the  three  zones  graphically.  The  east-facing  bluff 
at  b,  and  the  west-facing  ice  cliff  at  c.  as  well  as  the  marked  difference  in  ages  of  trees, 
are  thought  to  be  espedally  significant  in  connection  with  the  problem  as  to  the  differ- 
ence of  conditions  in  the  forested  zone  (a-b,  PI.  d^IV),  the  relatively-barren  zone 
(b-c),  and  the  absolutely-barren  zone  (c-d). 

At  c,  along  the  contact  ot  the  zones  of  thick  and  thin  mortune,  an  advance  was  in 
progress  or  was  just  ceasing  in  IdlO.  At  the  edge  of  the  lake  it  was  cleariy  still  in  prep- 
ress, for  ice  blocks  were  sliding  down  from  an  ice  cliff  which  was  not  undercut  by  the 
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waves,  and  they  lay  in  a  heap  on  the  beach.  Back  from  the  lake  shore  the  snow  of 
the  winter  of  1909-10  was  folded  up  in  front  of  the  advancing  ice  edge.  While  we  could 
not  be  certain  that  advance  was  still  taking  place  all  along  tke  low  cliff  on  the  line  c-c 
(PL  CLXV),  it  was  certainly  still  in  progress  for  a  quarter  of  a  mile  or  so  from  tke  lake 
shore.  The  ice  in  the  zone  of  thin  mortune  had  the  appearance  of  being  thrust- 
faulted  forward  over  the  ice  in  the  zone  of  thick  moraine. 

The  explanation  that  naturally  suggests  itself  is  that  an  advance  of  Miles  Glacier  a 
few  years  before  1910  crevassed  the  ice  in  the  zone  of  thin  ablation  so  that  the  vegeta- 
tion which  had  previously  straggled  across  into  thb  belt  was  destroyed,  while  the  grad- 
ually-thinning morainic  cover  was  partly  swallowed  up  in  the  crevasses.  This  advance, 
of  which  there  is  independent  photographic  evidence,  began  after  1908  and  had  ap> 
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parently  almost  ceased  in  1910  along  the  northern  portion  of  line  c  and  was  just 
dying  out  near  the  lake  shore.  Melting  had  nearly  healed  the  crevasses  (PL  CLXIII), 
and  the  removal  of  the  upper  layers  of  ice  by  ablation  had  left  a  thin  layer  of  morainic 
d£bris  upon  the  ice  in  the  easternmost  zone. 

If  this  explanation  is  correct,  it  naturally  suggests  the  possibility  of  a  similar  expla- 
nation for  the  difference  of  moraine  and  vegetation  in  the  middle  and  western  zones, 
whose  sharp  contrast  on  either  side  of  the  line  b~b  calls  for  a  special  explanation.  There 
is  independent  evidence  that  Miles  Glacier  had  an  earlier  and  greater  period  of  expan- 
sion. This  evidence  comes  from  the  southern  margin  of  Miles  Glacier  where  there  is 
moraine  and  outwash  with  two  independent  sets  of  vegetation  £0  and  70  years  old 
respectively.  It  is,  therefore,  thought  that  during  an  advance  22  years  or  more  before 
1910  there  was  expansion  of  the  northern  bulb  of  Miles  Glacier  out  to  b.  This  resulted 
in  crevassing  and  destruction  of  the  vegetation  which  had  presumably  grown  in  the 
zone  of  thick  ablation  moraine,  similar  to  the  breaking  of  the  ice  and  destruction  of 
the  vegetation  which  in  1906  took  place  in  a  part  of  the  piedmont  bulb  of  Atrevida 
Glacier.  Certain  faint  ridges  in  the  zone  of  thickest  moraine  suggest  the  former  presence 
of  crescentic  cracks,  similar  to  those  that  developed  in  the  outer  part  of  the  forested 
zone  on  Atrevida  Glacier,  outside  the  zone  of  complete  destruction  of  the  morainic 
mantle  and  its  vegetation.  The  rapid  slumping,  the  presence  of  many  kettles  with 
pools,  the  youthful  vegetation,,  and  the  lack  of  gradation  features  at  the  border  (b-b)» 
aU  accord  well  with  this  explanation.  The  difference  between  the  bordering  lines  at 
b  and  c  seems  to  be  merely  one  of  time.  The  uppermost  portion  of  the  middle  zone 
still  rises  higher  than  the  western  zone,  but  at  the  border  the  relatively  cleaner  ice  of 
the  area  of  thick  ablation  moraine  has  melted  down  below  the  level  of  the  very  dirty» 
protected  ice  of  the  zone  of  thickest  ablation  moraine.  In  similar  manner  the  west- 
facing  cliff  at  c  should,  in  time,  be  converted  to  an  east-facing  cliff,  because  of  difference 
in  rate  of  melting  in  the  areas  of  thin  and  of  thick  moraine,  unless  continued  advance 
in  the  zone  of  thin  moraine  makes  up  for  the  losses  by  ablation. 

Western  Terminal  Moraine.  On  the  western  bank  of  Copper  River,  between  Grin- 
nell  Glacier  and  the  mouth  of  Chinaman  Slough,  east  of  the  railway  bridge,  there  is  a 
terminal  moraine  which  seems  to  mark  the  westernmost  extension  of  the  Miles  Glacier 
bulb. 

Near  Grinnell  Glacier  this  terminal  moraine  forms  a  line  of  irregular  hills  extending 
nearly  north  and  south  between  the  railway  and  the  northern  part  of  Chinaman  Slough 
(PL  CLXV).  Mature  cottonwood  trees  grow  on  this  moraine,  which  is  less  than  an 
eighth  of  a  mile  wide  and  30  to  50  feet  high.  Southward  the  moraine  disappears  beneath 
outwash  gravels,  reappears  west  of  the  railway  and  crosses  the  track  north  of  Mile 
Post  50,  and  again  disappears  near  the  southern  part  of  Chinaman  Slough.  But  from 
here  on  to  the  site  of  the  north  ferry  slip  on  the  lake  shore,  its  position  may  be  traced 
practically  all  the  way  by  the  great  numbers  of  large  bowlders,  some  of  which  are  from 
10  to  12  feet  in  diameter.  We  believe  that  this  belt  of  huge  stones  represents  the  resi- 
due of  the  terminal  moraine  after  the  river  had  washed  away  the  clay,  sand,  and  smaller 
bowlders.    West  of  this  moraine  there  are  outwash  gravels. 

The  Lake  Basin,  The  site  of  the  southern  half  of  Miles  Glacier  bulb,  east  of  the 
terminal  moraine  just  described,  is  occupied  by  the  lake  basin,  and  the  contiguous 
narrow  zone  of  ground  moraine  from  which  the  ice  has  completely  disappeared.    This 
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represents  an  area  in  whick  the  ice  has  been  retreating  rapidly  in  the  period  since 
before  1888,  presumably  because  the  valley  glacier  is  not  moving  forward  strongly,  is 
not  protected  at  the  terminus  by  morainic  debris,  and  is  imdercut  by  the  water.  The 
site  of  the  lake  may  possibly  be  classed  as  analogous  to  the  interior  flat  areas  observed 
in  other  bulb  glaciers. 

In  1910,  the  lake  was  from  one  to  two  miles  wide,  8}  miles  long,  and  150  to  300  feet 
deep  (PI.  CLXV).  Since  the  low-water  surface  is  116  feet  above  tidewater,  the  bottom, 
therefore,  descends  to  184  feet  below  sea  level  (Fig.  64).  So  large  a  lake  in  the  course 
of  a  heavily-loaded  river,  and  particularly  of  a  glacial  stream  like  Copper  River,  is  an 
unusual  feature,  for  such  sediment-laden  rivers  rapidly  fill  and  destroy  lakes.  The 
presence  of  the  lake  is  of  itself  clear  evidence  that  the  glacier  has  recently  receded  from 
the  site  of  the  lake  basin.  The  great  depth  of  the  lake  is  evidence  along  the  same  line, 
for  at  the  mouth  of  Copper  River  the  deposits  have  built  up  a  large  delta  extending 
out  into  the  Pacific  Ocean,  and  it  is  necessaiy  to  go  over  20  miles  o£Fshore  before  a  point 
in  the  ocean  is  reached  with  a  depth  as  great  as  that  of  Miles  Lake. 

Sonihem  Terminal  Moraine.  South  of  the  lake  is  a  strip  of  valley  bottom  a  quarter 
to  a  half  mile  wide  which  also  represents  parts  of  the  former  bulb  of  Miles  Glacier. 
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Fig.  64.    Natural  Scale  Longitudinal  Sbctiqn  of  Miles  Glacieb  in  1910. 
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This  is  proved  by  the  crescentic  terminal  moraine  which  swings  across  the  Copper 
River  valley  from  the  eastern  valley  wall  a  half  mile  south  of  Miles  Glacier  to  the  rail- 
way bridge  at  Miles  Glacier  station  (PI.  CLXV).  This  moraine  is  70  to  90  feet  higher 
than  the  outwash  plain  on  the  south  and  20  to  80  feet  higher  than  the  area  of  groimd 
moraine  which  separates  it  from  the  lake.  One  kame  hill  in  this  moraine  rises  to  a 
height  of  186  feet  above  the  low-water  surface  of  the  lake. 

Most  of  the  moraine  is  a  series  of  discontinuous  ridges  forming  a  belt  varying  in 
width  from  100  feet  to  a  quarter  mile,  and  with  a  general  trend  parallel  to  the  former 
ice  front.     In  the  kettles  between  these  ridges  are  a  number  of  ponds. 

Ground  Moraine  and  Detached  Ice  Mass.  Between  the  terminal  moraine  and  the 
lake  is  a  parallel  strip  of  ground  moraine  and  one  large,  detached  ice  mass.  The  ground 
moraine  is  very  irregular  and  has  many  deep  kettles  containing  pools,  and  a  rolling 
surface  of  low  ridges,  standing  60  to  100  feet  higher  than  the  outwash  plain  south  of 
the  moraine.  It  is  made  up  of  till  and  gravel,  and,  in  large  areas,  of  angular  rocks  of 
considerable  size  (PI.  CLXVI),  sometimes  arranged  in  long  lines  of  crevasse  deposits. 

The  edge  of  the  detached  ice  mass  south  of  Miles  Glacier  is  buried  beneath  the  out- 
wash  gravels  which  mantle  part  of  the  groimd  moraine,  and  these  gravels  were  slump- 
ing in  1910.  The  detached  ice  mass  is  riven  by  great  crevasses,  and  one  of  these,  50 
to  90  feet  deep,  had  morainic  debris  sliding  down  into  it  (PL  CLXVn>  A)  from  the 
thick  covering  of  ablation  moraine  resting  on  the  ice.    When  the  ice  has  completely 
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melted  away,  there  will  be  a  conspicuous  ridge  of  rocky  material  of  the  sort  intetpreted 
elsewhere  as  crevasse  deposits. 

Where  the  ground  moraine  forms  the  southern  shore  of  the  lake  there  are  several 
capes  and  bays,  and  large  valleys  and  kettles,  apparently  corresponding  to  former 
lobes  in  the  ice  edge.  Here  cliffs  rise  40  or  50  feet  above  lake  level,  and  the  slope  con- 
tinues steeply  below  water,  as  is  shown  by  the  fact  that  in  one  place  S75  feet  from  the 
shore  the  lake  is  150  feet  deep,  while  in  another  place  it  is  45  feet  deep  50  feet  from  shore* 
indicating  that  these  are  ice-contact  slopes  rather  than  wave-cut  cliffs,  thou^  above 
lake  level  they  have  been  somewhat  modified  by  wave  work. 

OiUwash  Plain.  The  southern  edge  of  the  terminal  moraine  is  fringed  by  a  series  of 
small  alluvial  fans  of  coarse  gravel  leading  out  of  little  ravines  in  the  moraine.  A  few 
himdred  feet  from  the  moraine  they  merge  into  a  smooth,  gently-sloping  outwash  plain 
which  extends  southward  and  westward.  This  plain  is  trenched  by  scores  of  sub-parallel, 
southwest-trending,  abandoned  stream  courses  which  form  the  only  irregularities  in  the 
outwash  plain,  with  the  exception  of  two  groups  of  hills  of  older  moraine. 

The  border  between  the  moraine  and  the  outwash  plain  is  generally  sharp,  but  in 
places  the  moraine  is  so  low  that  only  the  nature  of  the  soil  indicates  the  boundary. 
This  is  true  for  a  short  distance  southeastward  from  the  railway  bridge  where  the  till 
and  large  sub-angular  bowlders  of  the  moraine,  in  contrast  with  the  assorted  rounded 
gravel  and  smaller  stones  of  the  outwash  plain,  are  more  useful  than  the  topography 
in  mapping  the  moraine. 

Vegetation  on  Moraine  and  OtUwaah.  The  vegetation  in  this  southern  area  formerly 
occupied  by  the  Miles  Glacier  bulb,  covers  the  outwash  plain,  the  terminal  moraine, 
and  part  of  the  ground  moraine.  On  the  outwash  gravel  plain  there  is  a  thick  growth 
of  Cottonwood  and  dense  underbrush,  with  trees  a  foot  or  two  in  diameter,  the  oldest 
one  we  foimd,  a  cottonwood,  having  70  annual  rings.  In  the  abandoned  stream  chan- 
nels which  extend  across  the  outwash  plain,  there  are  no  trees  as  old  as  those  between 
the  stream  courses.  The  alluvial  fans  at  the  base  of  the  terminal  moraine  are  covered 
with  moss  and  grass  but  have  no  mature  forest  like  that  on  the  outwash  plain. 

The  terminal  moraine  is  about  as  densely  covered  with  vegetation  as  the  outwash 
plain,  but  there  are  no  cottonwoods.  The  woody  plants  are  all  alders  and  willows  and 
they  form  such  a  complex  network  of  close-set,  inclined,  interlacing  trunks  that  travel 
through  the  thicket  is  very  difficult.  The  plants  are  younger  than  those  on  the  outwash 
plain,  the  oldest,  whose  age  we  determined,  having  20  annual  rings. 

In  the  belt  of  ground  moraine  the  vegetation  is  progressively  younger  along  a  line 
from  the  terminal  moraine  along  the  lake  shore,  toward  the  ice  edge  the  ages  of  the 
bushes  decreasing  from  19  to  5  years.  Acres  of  moraine,  too  rocky  for  the  rapid  growth 
of  bushes,  were  still  absolutely  barren  in  1910,  but  wooded  slopes  extend  out  to  the 
lake  shore,  and  an  alder  with  19  annual  rings  was  found  within  a  quarter  mile  of  the 
glacier.  There  were  no  shrubs  near  the  retreating  edge  of  the  detached  ice  block,  but 
some  small  shrubs  were  growing  in  the  ablation  moraine  upon  its  surface. 

Evidence  of  Two  Stages,  The  difference  in  ages  of  trees  on  the  moraine  and  on  the 
outwash  plain  calls  for  a  special  explanation.  It  is  impossible  that' the  ice  stood  at 
the  terminal  moraine  up  to  something  over  20  years  ago,  while  the  vegetation  upon  the 
outwash  plain  was  growing  freely,  for  in  that  case  the  trees  upon  the  outwash  plain 
should  have  been  buried  in  gravels,  uprooted,  or  killed  by  the  water. 
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It  accords  well  with  the  known  history  of  the  northern  portion  of  Miles  Glacier  bulb 
to  infer  that  when  the  glacier  advanced  across  the  Copper  River  valley  to  the  site  of 
Abercrombie  Rapids,  it  also  expanded  southward  to  or  near  the  site  of  the  present 
terminal  moraine,  but  probably  not  beyond  it.  This  was  at  least  70  years  ago  (that  is, 
before  1840),  and  it  may  well  have  been  still  earlier.  In  the  southern  section  the  ice 
has  retreated  from  this  stand,  though  it  is  still  maintained  in  the  zone  of  thickest  abla- 
tion moraine  in  the  northern  portion  of  Miles  Glacier  at  Abercrombie  Rapids.  The 
70  year  old  trees  on  the  outwash  gravel  plain  indicate  a  similar  expansion  at  the  same 
period  in  the  southern  area. 

A  more  recent  advance,  to  be  correlated  with  the  one  which  extended  across  the 
zone  of  thick  ablation  moraine  north  of  the  lake,  extended  out  to  the  present  terminal 
moraine  south  of  the  lake,  destroying  any  older  moraines  and  vegetation  between  the 
lake  and  the  moraine.  After  the  terminal  moraine  was  built  the  glacier  again  receded 
and  vegetation  sprang  up  on  the  surface.  This  was  over  20  years  ago,  that  is  before 
1890.  The  22  year  old  shrubs  north  of  the  lake  show  that  it  was  before  1888,  but 
whether  it  was  before  the  visits  of  Abercrombie  and  Allen  in  1884-85,  is  not  certain. 
Hayes'  map  made  in  1891  and  the  19  year  old  shrubs  within  a  quarter  mile  of  Miles 
Glacier,  indicate  that  the  retreat  from  this  maximum  was  rapid,  though  it  is  to  be 
noted  that  the  single  19  year  old  bush  may  have  had  its  start  on  the  ice  and  have  mainr 
tained  growth  during  the  melting  of  the  ice  beneath  the  moraine  in  which  it  grew. 

The  lack  of  destruction  of  all  the  older  vegetation  on  the  outwash  plain  suggests  that 
the  ice  stood  at  the  terminal  moraine  a  very  short  time.  The  streams  from  the  ice  did 
destroy  the  vegetation  in  the  border  of  the  outwash  plain,  where  the  small  alluvial  fans 
form  a  rather  barren  fringe  in  front  of  the  terminal  moraine.  They  also  cut  swaths 
through  the  forest,  now  represented  by  the  abandoned  southwest-trending  stream  courses* 
in  the  bottoms  of  which  we  saw  no  70  year  old  trees.  These  channels  are  cut  so  deeply 
below  the  general  level  of  the  plain  that  they  suggest  streams  less  heavily  laden  than  those 
which  deposited  the  outwash  gravels.  The  channels  are  now  overgrown  with  dense 
alder  thickets,  but  we  did  not  determine  the  ages  of  any  of  the  shrubs  in  them.  The 
absence  of  great  nimibers  of  dead  cottonwoods  standing  in  the  stream  courses  seems  to 
be  due  to  the  depth  to  which  the  channels  were  cut  and  the  consequent  removal  of  the 
tree  trunks  and  roots;  but  some  wood  lies  partly  buried  in  these  channels. 

Scattered  through  the  undergrowth,  in  the  interstream  areas,  where  the  70  year  old 
cottonwoods  grow,  are  a  very  few  dead  trees,  standing  upright  in  place,  and  a  great  many 
recumbent  logs,  evidently  left  by  floods  at  the  time  of  the  cutting  of  the  channels.  That 
all  the  trees  were  not  killed  is  an  evidence  of  the  shortness  of  the  period  of  stream  invasion 
of  this  forest.  The  short  distance  which  the  ice  front  had  tore  treat  before  the  water 
from  its  melting  would  be  diverted  through  the  deep  lake  basin  and  find  an  outlet  into 
the  present  channel  of  Copper  River,  at  or  near  the  railway  bridge,  doubtless  helps  to 
explain  the  lack  of  further  destruction  of  the  vegetation  on  the  outwash  plain  during 
this  episode. 

An  exceedingly  detailed  map  of  the  portion  of  the  moraine  and  outwash  plain  near 
Miles  Glacier  Station  was  made  by  the  railway  engineers.  It  has  a  contour  interval  of 
2  feet  and  shows  numerous  shallow  kettles  due  to  slumping  of  ice  formerly  buried  beneath 
the  outwash  gravels  at  the  edge  of  the  moraine;  and  it  also  shows  some  of  the  abandoned 
stream  channels  leading  southwestwaid  toward  the  Copper  River.    A  conflpicaous 
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abandoned  channel  of  this  series  heads  in  the  air  just  west  of  Miles  Glacier  station,  prov-^ 
ing  that  the  Copper  River  has  undercut  its  south  bank  since  this  small  stream  channel 
was  abandoned. 

History  of  OscUlaJtiona  of  Miles  Glacier — Advance  Before  1840.  Passing  over  the  early 
stage  when  Miles  Glacier  was  a  tributary  of  a  great  Copper  River  Glacier,  and  the 
legendary  stage  when  Miles  and  Childs  Glaciers  are  supposed  to  have  coalesced,  with 
Copper  River  flowing  underneath,  the  first  stage  of  which  we  have  knowledge  is  the  ex- 
pansion to  the  bulb  glacier  condition  some  time  before  1840.  It  b  quite  possible  that  this 
expansion  was  preceded  by  one  of  shrinkage  of  Miles  Glacier  back  within  its  mountain 
valley,  and  that  it  expanded  into  a  trunk  valley  which  was  free  from  ice.  The  asymme- 
trical shape  of  the  bulb  suggests  that  Childs  Glacier  also  had  an  expanded  bulb,  for 
the  Miles  bulb  spread  2^  miles  up  the  main  valley  and,  so  far  as  we  know,  only  a  fifth  as 
far  down  Copper  River  valley,  forming  a  striking  contrast  with  the  far  more  symmet- 
rical bulb  of  Allen  Glacier  (Map  9). 

We  know  nothing  specific  as  to  the  date  of  this  expansion  to  the  present  bulb  form 
excepting  that  (a)  Abercrombie's  photographs  prove  that  it  took  place  before  1884, 
(b)  Grewingk's  description  (p.  416)  suggests  that  it  took  place  long  enough  before  1850 
for  vegetation  to  grow  on  the  ice,  and  (c)  the  age  of  trees  growing  on  the  outwash  plain 
pushes  the  date  back  to  some  time  previous  to  1840.    It  may  have  been  much  earlier. 

Slight  Recession  During  the  Eighties.  Maintenance  of  an  advanced  position  rather 
than  pronoimced  recession  is  the  impressive  feature  of  the  history  of  Miles  Glacier  during 
the  time  of  the  visits  by  Abercrombie  and  Allen.  The  northern  portion  of  Miles  Glacier 
bulb  has  retreated  practically  none  in  over  70  years;  and  the  southern  portion  also  main- 
tained its  advanced  position  for  a  time,  the  site  of  the  lake  basin  being  largely  filled  with 
glacier  ice  until  very  recently. 

Abercrombie's  mention  of  a  lake  basin  shows  that  there  had  been  some  recession  of 
the  southern  part  of  the  glacier  by  1884,  and  one  of  his  photographs,^  taken  from  a  point 
on  the  western  terminal  moraine  of  Miles  Glacier,  south  of  Grinnell  Glacier,  proves  that 
the  ice  cliflF  had  retreated  to  the  point  where  the  largest  channel  of  Copper  River  now 
enters  the  lake.  This  position  of  the  ice  front  represents  over  a  mile  of  eastward  reces- 
sion from  the  expanded  edge  of  the  bulb  at  the  southern  end  of  Abercrombie  Rapids. 
The  great  waves  in  the  stream  in  the  foreground  of  the  same  photograph  show  that  a 
main  channel  of  Copper  River  flowed  down  Chinaman  Slough  as  recently  as  1884.  That 
the  southern  margin  of  Miles  Glacier  was  not  severely  crevassed  is  indicated  by  the  fact 
that  Abercrombie  traveled  8  miles  upon  its  surface  in  August,  1884,  being  turned  back 
by  the  crevasses  in  the  middle  of  the  glacier  after  traveling  up  its  southern  border. 

In  1885  the  front  of  Miles  Glacier  slill  filled  the  greater  part  of  the  present  lake  basin, 
as  is  indicated  by  Allen's  descriptions,  one  of  which  includes  the  specific  statement  *  that 
"the  most  southerly  point  of  the  (Miles  Glacier)  is  1  mile  or  less  from  the 

most  northerly  point  of  the  (Childs  Glacier)." 

It  is  clear,  therefore,  that  while  there  was  slight  recession  of  the  southern  portion  of  the 
Miles  Glacier  bulb  during  the  eighties,  it  did  not  uncover  a  significant  part  of  the  present 
lake  basin.  A  comparison  of  Abercrombie's  1884  photograph  of  the  northern  portion  of 
the  bulb  with  our  photograph  from  the  same  site  shows  practically  no  change  in  the  26 

1  Rq>rodaoed  by  H.  T.  Allen  in  Narrativefl  of  Explorationa  in  Alaska,  Washington,  1900,  picture  lacing  p.  486. 
>  Allen,  H.  T.,  in  Nanatives  of  Explorations  in  Alaska^  Washington,  1000,  p.  486. 
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years  up  to  1910,  a  remarkable  maintenance  of  a  stagnant  ice  mass  due  to  the  protective 
influence  of  ablation  moraine  and  vegetation. 

Advance  Before  1888,  The  ages  of  trees  on  the  southern  terminal  moraine  and  in  the 
zone  of  thick  ablation  moraine  on  the  northern  lobe  make  it  clear  that  at  some  time  over 
22  years  before  1910,  there  was  a  period  of  advance,  breaking  up  the  ice  on  the  northern 
bulb  to  within  three  quarters  of  a  mile  of  Abercrombie  Rapids  and  building  the  southern 
terminal  moraine.  That  this  took  place  after  1884  and  1885  is  suggested  by  Aber- 
crombie's  photograph  and  Allen's  map  which,  though  generalized,  shows  no  south- 
ward extension  of  the  bulb.  This  expansion  of  the  southern  margin  to  within  400  feet 
of  the  site  of  the  railway  bridge  clearly  came  after  1885  and  before  1888,  and  may  have 
begun  in  the  former  year,  for  Allen's  map  shows  the  glacier  nearly  out  to  the  bridge  site. 
If  this  advance  occurred  in  1885  or  1886,  it  was  exceptionally  rapid,  since  in  1884,  Aber- 
crombie was  able  to  travel  up  the  southern  margin  of  the  glacier,  and  in  April,  1885,  Allen 
noted  that  the  drift  graded  indistinguishably  into  the  ice  of  the  southern  edge  of  the 
glacier. 

Recession  Up  to  1908.  A  general  retreat  began  by  at  least  1888  and  had  progressed 
so  far  that  the  lake  was  about  a  mile  wide  at  the  time  of  Hayes'  visit  in  1891. 

The  5  or  6  mile  retreat  mentioned  by  Abercrombie  on  his  second  visit  to  Miles  Glacier 
in  1898  is  probably  an  exaggeration,  for  his  map  does  not  indicate  that  the  lake  was  over 
a  mile  wide.  This  map  does  not  show  the  details  as  well  as  Hayes'  map  and  may  repre- 
sent the  condition  in  1884  rather  than  that  in  1898.  There  was  doubtless  marked  retreat, 
however,  by  1898. 

By  1900,  when  Schrader  and  Spencer  each  photographed  the  ice  front  on  different 
dates  in  October,  and  Witherspoon  made  his  map,  the  retreat  of  the  ice  cliff  had  been 
considerable.  A  careful  comparison  of  the  1900  photographs  with  the  conditions  in  1910 
indicated  that  the  ice  front  had  then  receded  so  far  that  the  lake  had  assumed  nearly  its 
present  width,  that  is,  different  parts  of  the  glacier  front  had  retreated  from  1^  to  2  miles 
from  the  western  terminal  moraine  of  the  southern  part  of  the  bulb. 

From  1900  to  1907,  when  Moffit  visited  Miles  Glacier,  retreat  went  on  rapidly,  different 
portions  of  the  ice  cliff  melting  back  1700  to  8900  feet  during  the  7  years  interval.  This 
recession  was  carefuUy  determined  in  1910  in  two  ways.  First,  we  occupied  the  photo- 
graphic stations  of  Schrader  and  of  Moffit  with  their  photographs  in  hand  and  made 
instrumental  observations  of  the  amoimt  of  recession,  by  projecting  the  glacier  termini 
against  the  mountain  wall  behind.  This  retreat  is  shown  graphically  on  the  photograph 
(PI.  CLXVni),  being  marked  on  the  lobe  which  retreated  1700  feet.  The  second 
method  of  determination  was  by  comparing  maps  made  in  1900  by  the  Geological  Sur- 
vey and  in  1906  by  the  railway  engineers,  based  on  siurveys  in  1905  and  1906.  These 
maps  show  that  while  the  lobe  mentioned  above  was  retreating  1700  feet  during  the  6 
years  from  1900  to  1906,  another  lobe,  farther  south,  receded  nearly  S900  feet.  The 
larger  part  of  the  retreat  was  between  1905  and  1906. 

That  there  was  additional  recession  of  1620  feet  between  1906  and  1908  is  shown  by 
another  map  of  the  railway  engineers.  The  position  of  the  ice  cliff  at  this  stage  is  shown 
in  a  photograph  by  E.  A.  Hegg,  from  the  western  terminal  moraine. 

Advance  in  1909  and  1910.  The  change  from  retreat  to  advance  came  in  1909  and  1910 
when  there  was  a  forward  movement  of  over  4000  feet  along  one  of  the  lobes.  This  was 
determined  with  some  precision,  for  the  railway  engineers  mapped  the  whole  lake  front 
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of  the  glacier  in  1908  and  again  in  June,  1910.  On  one  photograph  of  the  1010  ice  diff 
from  Schrader's  site,  we  have  indicated  by  an  ink  line  the  amount  of  advance  between 
1907  and  1910.  This,  however,  shows  only  the  lobe  which  retreated  1700  feet  between 
1900  and  1907,  for  the  lobe  which  advanced  4000  feet  is  not  seen  in  the  picture  because 
it  is  hidden  behind  the  nearer  lobe,  having  retreated  farther  before  the  recent  advance. 

There  was  slight  additional  advance  of  the  ice  cliff  in  the  lake  during  the  time  of  our 
visit  in  the  summer  of  1910,  when  between  June  and  August  the  advance  amounted  to 
100  feet.  The  southern  glacier  margin  was  crevassed  and  advancing  in  August*  1910, 
and  the  northern  margin,  which  was  also  advancing  in  August,  1910,  showed  an  appre- 
ciable forward  movement  between  the  times  we  photographed  it  in  1909  and  1910. 

The  retreat  from  1888  to  1908  and  the  subsequent  advance  are  sununarized  in  the 
following  table.  The  possible  error  in  any  given  map  would  modify  these  amounts  only 
slightly. 

Table  Showing  Amounts  of  the  Most  Recent  Retreat  and 

Advance  of  Miles  Glacier 


DaU 

Didance  from  Site 
of  Railway  Bridge 

Change 
in 

Amount 

Based  upon  Ob^erva- 
tionsby 

to  Ice  Cliff 

Glacier 

After  1885  and  be- 

fore 1888 

400  feet 

Advance 

Henry  T.  Allen  * 

October, 

1900 

7,900  feet 

Retreat 

7,500  feet 

D.  C.  Witherapoon 

Fall, 

1905 

8,250  feet 

Retreat 

S50  feet 

Railway  engineers 

Summer, 

1906 

11,880  feet 

Retreat 

S,6S0  feet 

«                    c< 

Summer, 

1908 

18,500  feet 

Retreat 

1,620  feet 

««                 « 

Jime, 

1910 

9,500  feet 

Advance 

4,000  feet 

<c                      «< 

August, 

1910 

9,400  feet 

Advance 

100  feet 

Martin 

During  the  advance  in  1909  and  1910  the  form  of  the  ice  cliff  changed  in  detail  (Fig. 
65),  though  it  is  reported  that  twice  as  many  icebergs  were  discharged  in  1908,  when  the 
glacier  was  retreating,  as  in  1909,  when  it  advanced.'  One  remarkable  feature  was 
the  shifting  of  position  of  the  salient  ice  point.  There  were  also  pronounced  changes  in 
the  capes  and  coves  of  the  ice  cliff  between  June  and  August,  1910. 

The  most  striking  change  was  the  detaching  of  huge  masses  from  the  glacier,  one  near 
the  northern,  the  other  near  the  southern  margin  of  the  ice  cliff.  These  were  not  icebergs 
but  large  areas  of  the  glacier  itself,  and  their  separation  from  a  glacier  which  was  ad- 
vancing rather  than  retreating  was  an  unusual  circumstance. 

About  the  middle  of  July,  1909,  a  section  of  Miles  Glacier  at  least  half  a  mile  square, 
became  separated  and  is  said  to  have  floated  out  into  the  lake,  where  the  mass  collapsed 
and  broke  up  into  icebergs  which  completely  filled  the  lake.  This  was  near  the  northern 
end  of  the  ice  cliff.     It  took  place  before  our  visit  in  1909  and  we  have  this  information 

^  Date  1885  from  Allen.    Date  1888  from  ages  of  trees  as  determined  in  1910. 
s  Based  on  a  count  by  A.  O.  Johnson  at  the  railway  bridge. 


MILES  AND  GRINNELL  GLACIEBS  4S1 

from  Mr.  A.  O.  Johnson.*     In  1910  Uie  gap  made  by  this  ice  mass  was  still  visible  and 
near  it  there  was  a  broad  valley  upon  the  glacier  surface  and  this  part  of  the  ice  cUff  sloped 


Fia.  <fi.    Uap  SBOwmo  Adtahci  or  loi  Curr  or  Milbi  Gucisb  h  ths  Laxb  B 
(Compiled  from  niApi  fay  milwi^  engiiieeraO 

gradually  to  a  10  to  15  foot  cliff  at  the  water's  edge  instead  of  forming  a  precipitous 
terminus  200  feet  high. 

The  cause  of  this  change  seems  to  go  back  to  the  winter  of  1909,  when  there  was  a 
fiood  (February  9  to  18),  during  which  Copper  River  rose  7  feet  higher  than  any  previous 

<  Penonal  commonicmtioii.  Fdimary  12,  IflO. 
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record,  the  level  going  up  over  21  feet  above  normal  winter  level,  and  falling  rapidly 
again.  Johnson  states  that  the  water  came  from  beneath  Miles  Glacier  at  the  point 
where  the  ice  mass  floated  out  5  months  later,  and  that  "from  the  time  of  the  break  the 
river  continued  to  rise  for  four  days,  was  stationary  one  day,  and  then  receded  at  about 
the  same  rapidity  as  the  rise.    The  river  at  the  bridge  crossing  (before  this 

flood)  had  a  cross-section  area  of  about  ten  thousand  square  feet  and  an  average 
velocity  of  two  miles  per  hour,  but  during  the  highest  stage  of  the  river  the  cross-secticm 
area  was  about  forty  thousand  square  feet,  and  average  velocity  ten  miles  per 
hour.     .  Considerable  ice  fell  from  the  face  of  the  glacier  at  the  point  of  the 

break  during  the  flow,  but  not  until  the  middle  of  July  did  any  great  amount  break 
away — at  which  time  a  section  at  least  one  half  mile  square,  caved,  floated  out  and 
completely  filled  the  lake,  which  covers  approximately  five  square  miles.** 

The  climatic  record  kept  by  the  railway  engineers  at  Miles  Glacier  bridge,  shows  no 
rainfall  at  or  before  the  time  of  the  flood  and  only  the  normal  increase  of  snowfall  for  that 
season  of  the  year.  There  were  fluctuations  in  temperature  before  the  flood  b^^an  on 
February  0,  but  from  the  middle  of  December  until  two  weeks  after  the  flood  the  maxi- 
mum temperature  was  not  above  the  freezing  point.  The  wind  velocity  did  not  increase 
abnormally  immediately  before  the  flood,  though  on  the  day  when  the  water  was  highest 
the  wind  blew  48  to  84  miles  an  hour  from  the  northeast.  A  high  northeast  wind  in 
sunmier  would  drive  the  water  from  the  place  where  the  break  occurred  to  the  outlet  ci 
the  lake  but  it  could  not  have  caused  the  initiation  of  the  flood  in  February,  for  the  lake 
was  then  frozen  over,  and  the  flood  could  not  have  kept  up  unless  water  was  supplied 
from  outside.  The  meteorological  conditions,  therefore,  seem  to  have  had  little^  if  any- 
thing, to  do  with  the  flood. 

Our  own  view  of  the  detaching  of  the  ice  mass  in  1909  is  that  it  was  not  necessarily 
related  to  the  advance  or  retreat  of  the  glacier  at  all,  but  to  undermining  during  the  Fdi>- 
ruary  flood  which  may  have  been  caused  by  the  draining  of  a  marginal  lake  higher  op 
Miles  Glacier.  A  similar  flood  on  August  16,  1912,  perhaps  from  the  draining  of  a 
marginal  lake,  swept  down  the  Copper  River  from  Miles  Glacier.  It  raised  the  water 
level  12  feet  at  the  railway  bridge  east  of  Childs  Glacier  and,  20  miles  farther  south, 
swept  away  1600  feet  of  railway  trestle  east  of  Flag  Point,  drowning  a  repair  crew 
foreman. 

A  second  event  of  similar  character  occurred  during  the  simimer  of  1910.  At  the  time 
of  our  visit  in  1909  and  up  to  Jime,  1910,  there  was  a  stagnant,  projecting  edge  of  Miles 
Glacier  which  clung  to  the  mountain  side  at  the  southern  end  of  the  ice  cliff  and  merged 
into  the  glacial  deposits  there.  Sometime  between  June  10  and  August  15,  1910,  a  sec- 
tion of  the  glacier,  measuring  over  an  eighth  of  a  mile  on  each  side,  floated  away,  leaving 
the  outer  stagnant  ice  as  a  detached  block,  800  by  1200  feet,  and  extending  up  the  moun- 
tain slope  to  a  height  of  175  to  200  feet  above  the  lake.  The  whole  of  this  stagnant  block 
was  thickly  covered  with  ablation  moraine,  and  it  was  riven  by  great  cracks.  To  the 
southward  it  merged  into  slumping  gravel  deposits.  Since  the  southern  ice  edge  was 
still  advancing  after  this  separation  took  place,  one  possible  method  by  which  the  separa- 
tion may  have  been  effected  is  the  shove  of  the  advancing  glacier  against  the  stagnant 
border  which  was  clinging  to  the  mountain  side,  thus  placing  a  portion  of  it  in  such  un- 
stable equilibrium  that  it  broke  up. 

In  June,  1911,  Miles  Glacier  showed  no  appreciable  changes  since  the  previous  year. 
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In  1912  Corser  ^  thought  that  it  had  advanced  very  slightly.  We  infer  from  this  that 
the  period  of  activity  and  advance  which  began  in  the  fall  of  1908  or  the  spring  of 
1909  was  nearly  or  quite  over  in  1911. 

Contrast  with  Advance  of  ChUds  Glacier.  The  advance  of  Miles  Glacier  in  1909  and  1910 
was  without  spectacular  features.  There  is  little  current  in  the  portion  of  the  lake  near 
the  ice  cliflF.  The  iceberg  waves  attack  the  ice  cliflf  little,  and  melting  by  the  lake  waters, 
though  undercutting  the  ice  cliflf  as  salt  water  does,  has  not  undermined  the  cliflf  of  Miles 
Glacier  as  rapidly  as  the  Copper  River  mechanically  undercuts  the  Childs  Glacier.  The 
inf requency  of  iceberg  falls,  and  the  great  distance  for  the  sound  to  carry,  cause  persons 
who  traverse  the  Copper  River  railway  to  pay  little  attention  to  Miles  Glacier,  especially 
as  the  waves  from  it  nearly  disappear  before  they  strike  the  shore  near  the  railway  bridge. 
This  is  why  the  pronounced  advance  of  Miles  Glacier  in  1909  and  1910  attracted  little 
attention  on  the  part  of  the  thousands  of  men  who  were  along  the  line  of  the  railway  and 
the  scores  who  were  living  near  the  railway  bridge  in  these  years. 

The  rates  of  movement  during  the  advance  of  Miles  Glacier  were  not  measured.  If 
it  took  the  whole  two  years  (from  1908  to  1910)  for  the  ice  front  to  move  forward  the 


Fio.  66.    DuQBAMMATic  Skktch  Showino  Rkultionships  of  Milks  and  CHn4DB  Giacikbs  to  ths  Rao^wat 

Bbidqk. 

The  black  dots  in  the  horisontal  line  show  positions  of  the  ice  cliffs  in  the  years  indicated,  the  advance  and 
retreat  between  dates  being  indicated  by  the  airows  below. 

measured  4000  feet,  the  rate  of  motion  was  less  than  6  feet  a  day,  plus,  of  course,  what 
was  lost  through  iceberg  discharge.  From  June  to  August,  1910,  it  was  less  than  2  feet 
a  day.  In  any  event  it  is  clear  that  the  recent  advance  of  Miles  Glacier  was  of  a  mild 
sort,  compared  with  the  rapid  and  far  more  spasmodic  advance  of  Childs  Glacier  in  1910. 

We  have  represented  by  a  diagram  (Fig.  66)  the  relative  distances  from  Miles  and 
Childs  Glaciers  to  the  railway  bridge  at  several  times  in  their  recent  histoiy,  selecting 
the  bridge  as  the  point  of  measurement,  because  it  furnishes  a  convenient  common  point. 
It  is  clear  that  if  the  advance  of  the  great  Miles  Glacier  in  1909  and  1910  had  been  of 
the  same  order  of  magnitude  as  that  of  the  smaller  Childs  Glacier  in  the  latter  year,  the 
Miles  ice  front  would  easily  have  gone  out  to  or  beyond  the  railway.  That  such  an  event 
is  possible  is  evident  from  the  advance  between  1885  and  1888,  which  took  the  ice  cliff 
to  within  400  feet  of  the  site  of  the  present  bridge. 

That  this  structure  could  not  be  placed  better  in  its  relation  to  both  Miles  and  Childs 
Glaciers,  is  clearly  indicated  by  the  advances  of  1888  and  1910.  The  facts  suggest  also 
that  a  possible  great  future  advance  of  Miles  Glacier  would  probably  be  short-lived. 
If  the  ice  expanded  again  to  the  southern  terminal  moraine,  the  glacial  streams  might 
tear  out  or  buiy  the  railway  grade  for  long  stretches  south  of  the  bridge,  but  the  deep 
lake  basin  and  the  present  channel  should  soon  dispose  of  most  of  the  water,  as  they  did 
at  the  last  expansion.    Besides  possible  destruction  of  the  bridge  during  an  advance, 

>  Corser,  Caleb,  Personal  oommunication,  September  80, 1912. 
28 
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there  is  also  a  possibility  of  a  southward  shifting  of  the  river  bed,  necessitating  the 
building  of  another  steel  span. 

From  the  point  of  view  of  tourists,  who  will  undoubtedly  make  increasing  use  of  the 
Copper  River  railway  in  the  future,  the  location  b  ideal,  for  with  no  attendant  danger 
or  hardship,  they  can  be  carried  by  train  almost  up  to  the  fronts  of  two  veiy  grand  and 
active  glaciers,  both  clearly  visible  from  the  train  windows. 

Grinnell  Glacier 

4 

General  Description,  This  ice  tongue  is  on  the  western  side  of  Copper  River  about 
half  way  between  Childs  and  Allen  Glaciers,  terminating  opposite  the  edge  of  Miles 
Glacier  at  the  southern  end  of  Abercrombie  Rapids.  It  rises  in  unexplored  snowfields 
at  an  elevation  of  at  least  5000  or  6000  feet  (PI.  CLXIX)  and  flows  southeastward, 
with  a  known  length  of  something  more  than  4  miles.  It  is  over  three  quarters  of  a 
mile  wide  and  has  a  moderately  steep  slope.  The  surface  of  the  glacier  is  all  white,  ex- 
cept for  a  broad  lateral  moraine  on  the  southern  border,  a  narrow  medial  moraine  near 
the  northern  side,  and  an  extensive  area  of  outwash  gravel  and  ablation  moraine  cov- 
ering the  terminus  (PI.  CLXV). 

The  real  terminus  of  Grinnell  Glacier  is  in  the  Copper  River  (Map  9),  at  the  lower  end 
of  Abercrombie  Rapids,  just  south  of  Camp  52  on  the  Copper  River  and  Northwestern 
Railway.  The  railway  runs  over  the  end  of  the  glacier  for  nearly  a  quarter  of  a  mile* 
but  the  terminal  hill  is  so  thickly  covered  with  ablation  moraine,  on  which  dense  thick- 
ets of  alder  and  cottonwood  have  grown,  that  this  portion  of  the  ice  tongue  does  not 
look  like  a  glacier. 

The  southern  portion  of  the  glacier,  terminating  less  than  a  quarter  mile  west  of  the 
railway,  is  also  heavily  covered  with  ablation  moraine  and  forest,  which  grades  north- 
westward to  a  barren  region  of  thinner,  ablation  moraine  and  to  clear  ice  without  morainic 
covering. 

The  northern  terminus  of  the  clear  ice,  which  seems  to  be  the  glacier  terminus,  but  is 
not,  ends  a  little  over  half  a  mile  northwest  of  Camp  52,  on  the  railway.  From  it  a  stream 
flows  through  the  interior  flat  and  through  a  narrow  gorge  between  the  high  outer  portion 
of  the  glacier  and  the  mountain  side,  to  Copper  River.  Another  stream,  emerging  from 
the  southern  part  of  the  glacier  near  a  conspicuous,  bare  rock  slope,  from  which  the  ice 
is  completely  melted,  flows  southeastward  over  a  mile  to  the  Copper  River. 

Previous  Observations,  This  glacier  was  mapped  by  Hayes  in  1891  ^  and  Witherspoon  in 
1900,*  when  it  was  also  photographed  by  Spencer  from  the  Miles  Glacier  portage.  It 
was  photographed  by  Moffit  in  1907  from  near  the  same  site  as  that  occupied  by  Spencer, 
and  was  shown  upon  a  later  edition  (Fig.  08)  of  Witherspoon 's  map.'  Witherspoon*s 
original  map  (Fig.  58)  shows  the  glacier  more  accurately  than  the  later  edition  in  which 
the  forest-covered  terminus  of  the  glacier  is  omitted.  Hayes'  map  is  more  like  the  later 
edition  of  Witherspoon's  but  it  has  the  name  moraine  printed  between  the  glacier 

>  Unpublished  map. 

*  PI.  n,  facing  p.  28,  in  Schiader  and  Spencer's  Geology  and  Mineral  Resooroes  of  a  Portion  of  the  Copper 
Biyer  Region,  Alaska,  House  Doc  MIS^  56th  CongreH»  tod  Session,  Washington,  1901. 
i  PI.  I  in  BuU.  S74.  U.  S.  Geol.  Surv^,  1909. 
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terminus  and  the  river,  though  without  suggestion  whether  this  moraine  was  underlain 
by  ice  or  not.    Hayes  does  not  mention  this  glacier  in  the  text. 

Both  Spencer's  and  Moffit's  photographs  show  clearly  that  the  stagnant  outer  portion 
had  almost  exactly  the  same  relationships  in  1900  and  1907  that  they  had  in  1910.  In 
1906  and  ensuing  years  incidental  observations  of  Grinnell  Glacier  were  made  by  the 
railway  engineers,  who  named  this  ice  tongue.  In  1909  two  important  photographs 
of  Grinnell  Glacier  were  taken  by  E.  A.  Hegg  of  Cordova. 

In  1909  we  saw  Grinnell  Glacier  in  passing,  but  gave  no  time  to  its  study.  In  August, 
1910,  and  in  June,  1911,  four  days  were  devoted  by  the  junior  author  to  its  examination. 

Cascading  Ice  Tongue.  The  snowfields  of  Grinnell  Glacier  are  not  visible  from  its 
lower  portion,  but  the  abrupt  topography  suggests  that  they  occupy  a  series  of  deep 
glacial  cirques.  There  are  at  least  three  important  tributaries.  The  clear  ice  terminates 
in  two  minor  lobes.  Most  of  the  clear  ice  portion  of  the  glacier  that  we  have  seen,  pho- 
tographed, or  mapped,  is  cascading  down  a  moderate  slope  and  is  severely  crevassed. 
The  highest  point  on  the  glacier  whose  elevation  we  determined  is  2000  feet  above  sea 
level  or  1500  feet  above  the  terminus  of  the  clear  ice,  the  slope  here  being  at  the  rate  of 
nearly  2000  feet  to  the  mile.  Higher  portions  of  the  ice  tongue  near  the  snowfield  have 
even  steeper  slopes,  but  in  an  intermediate  portion  above  the  2000  foot  contour  the  grade 
of  the  glacier  flattens  somewhat.  This  cascading  terminus  is  interrupted  as  the  result 
of  a  discordance  of  over  2000  feet  between  the  grades  of  Grinnell  and  Copper  River  valleys. 
The  glacier  still  occupies  its  hanging  valley  and  expands  slightly  in  the  moraine-covered 
terminus  at  its  base.  The  thinness  of  the  ice  on  the  hanging  valley  lip  b  shown  by  the 
bare  rock  slope  between  the  northern  and  southern  lobes. 

The  mountain  valley  occupied  by  the  glacier  is  exceptionally  steep-sided,  and  also 
those  of  two  detached  tributary  glaciers  on  the  northern  wall.  These  hanging  glaciers 
now  terminate  2300  and  3200  feet  above  sea  level  and  their  slopes  are  over  2800  feet  to 
the  mile.  Just  east  of  these  hanging  glaciers  the  northern  valley  wall  slopes  at  the  rate 
of  over  6300  feet  to  the  mile  but  the  southern  wall  is  not  so  steep. 

Stagnant  Southern  Lobe.  The  southern  lobe  of  the  clear  ice  grades  eastward  through  a 
zone  of  barren,  thin,  ablation  moraine  to  a  zone  of  thick  ablation  moraine,  which  mantles 
the  ice  so  completely  that  it  supports  vegetation  which  entirely  covers  the  surface.  The 
end  of  the  lobe  does  not  look  at  all  like  a  glacier  and  would  not  be  known  to  be  imderlain 
by  ice  were  it  not  for  occasional  slumping  of  the  surface  in  the  forested  zone,  and  the 
exposed  northwest-facing  slope  of  black  ice,  studded  with  bowlders,  in  the  zone  of  barren 
moraine. 

Forested  HiU  at  Terminus,  Grinnell  Glacier  terminates  in  a  forested  hiU  (Fig.  67), 
which  we  believe  to  be  wholly  composed  of  ice.  This  belief  is  based  upon  the  fact  that 
here  and  there  in  this  outer  portion  are  areas  of  slumping  where  trees  are  being  over- 
turned. In  several  places,  a  whole  steep  slope  has  lost  all  its  vegetation  by  the  slumping 
attendant  upon  melting  of  the  ice  beneath.  The  cliff  facing  the  edge  of  the  interior 
flat  at  a  number  of  points  shows  dark  ice,  fiUed  with  bowlders.  At  one  locality  near 
the  northern  edge  the  thickness  of  the  ice  revealed  is  30  to  35  feet,  above  which  are 
about  2  or  3  feet  of  morainic  material  in  which  shrubs  are  growing  (PI.  CLXVII,  B). 
Throughout  the  terminal  hill  of  moraine-covered  ice  there  are  a  great  many  areas  of 
recent  slumping  and  of  emergence  of  water.    The  shrubs  growing  on  the  high  outer 
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portion  of  the  glacier  cover  the  whole  surface  thickly,  except  in  areas  of  slumping.  Th(y 
include  alders  at  least  18  years  of  age. 

The  terminal  hill  rises  from  the  water's  edge  in  Copper  River  in  a  ate^  8!(^>e,  west  of 
which  there  is  a  long  gradual  ascent  to  an  elevation  of  about  400  feet  and  a  steep  descent 
over  a  westward-facing  cliff  to  the  interior  flat. 

Much  of  the  morainic  material  covering  the  ice  of  the  terminal  hill  is  angular  and  the 
bowlders  are  exceptionally  large.  They  include  many  rock  masses  12  to  20  feet  on 
a  side.  Some  of  these  huge  nxrk  masses  in  the  railway  cut  on  the  eastern  edge  of  the 
glacier  are  so  large  that  they  lead  to  the  impression  that  they  are  rock  ledges  m  place. 
This  is  not  the  case,  however,  as  was  ascertained  by  careful  study  in  1910.  None  of 
the  other  glaciers  of  the  lower  Copper  River  are  encumbered  with  such  large  debris, 
except  the  western  terminus  of  Miles  Glacier  at  Abercrombie  Rapids.  This  m^ 
possibly  be  explained  by  the  exceedingly  steep  walls  of  the  valley  of  Grinnetl  GUcIct, 
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upon  which  avalanches  should  be  prevalent.  As  such  coarse  material  is  not  found  in 
the  present  lateral  moraines  of  the  cascading  portion  of  Grinnell  Glacier,  however,  it  nujr 
be  that  the  coarse  angular  d£bris  was  avalanched  down  upon  the  Grinnell  Glacier  during 
some  great  earthquake  in  the  paat  and  carried  forward  to  the  terminal  bulb  in  the  sub- 
sequent advance  of  the  glacier. 

The  Interior  Flat.  Between  the  temunal  hill  and  the  cascading  portion  <^  GriimeD 
Glacier  is  an  interior  flat  (PI.  CLXIX)  between  a  quarter  and  a  half  mile  square.  It« 
surface  is  covered  with  ablation  moraine  and  outwash  gravel,  overlying  the  ice,  whidi 
is  nowhere  exposed.  As  Fig,  67  shows,  the  expanded  part  of  Grinnell  Glacier  may 
possibly  constitute  a  detached  ice  block,  although  it  seems  more  likely  that  the  ice  u 
continuous  beneath  the  ablation  moraine  and  outwash,  for  areas  of  slumping  are  found 
here  and  there  between  the  terminal  hill  and  the  clean  ice  of  the  cascading  portion  of  the 
glacier. 

The  interior  flat  consists  of  three  different  portions.  In  the  middle  is  a  broad,  low 
ridge  of  irregular  oblation  moraine.  On  each  side  of  this  are  alluvial  fans  of  outwash 
gravels. 

The  medial  ridge  rises  fiO  to  100  feet  above  the  flanking  alluvial  fans.  Its  surface  is 
made  up  of  angular  ablation  moraine;  the  bowlders  being  decidedly  smaller  than  in  the 
terminal  hill.  The  water  which  oozes  out  here  and  there  shows  that  ice  underlies  the 
moraine  at  no  great  depth.  Compared  with  the  terminal  hill  this  portion  of  the  interi<ff 
flat  is  comparatively  barren,  but  small  scattered  shrubs  are  growing  upon  different  por- 
tions of  the  surface.     None  of  them  are  as  old  as  those  on  tiie  terminal  hill. 

North  of  this  medial  ridge  is  a  detached  ice  block,  which  lies  upon  the  northern  valley 
wall.  It  is  separated  from  the  medial  ridge  by  outwash  gravels.  Its  surface  is  completdy 
mantled  by  ablation  moraine  upon  which  a  few  small  shrubs  are  growing. 
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The  remainder  of  the  interior  flat  is  mantled  with  outwash  gravels  supplied  by  three 
main  glacial  streams,  one  north  and  one  south  of  the  medial  ridge  and  one  between 
which  flows  into  a  subglacif^  channel  beneath  the  ice  of  the  terminal  hill.  These 
gravel  surfaces  are  almost  entirely  barren.  Practically  all  of  the  northern  area  of  outwash 
is  within  the  interior  flat,  although  the  stream  cuts  through  the  terminal  hill  in  a  narrow, 
steep-sided  gorge  which  ends  at  Camp  52  on  the  railway.  The  southern  and  larger 
area  of  outwash  gravels  also  extends  outside  the  interior  flat  and  is  continuous  with  a 
large  alluvial  fan  southeast  of  the  glacier.  This  stream  emerges  from  the  interior  flat 
in  a  constriction  between  the  terminal  hill  and  the  stagnant  southern  lobe  of  the  glacier. 
These  outwash  gravel  fans  slope  at  the  rate  of  400  to  900  feet  to  the  mile. 

Recent  History  of  GrinneU  Glacier.  The  first  stage  in  the  recent  history  of  Grinnell 
Glacier  of  which  record  is  preserved  is  a  time  of  su£Scient  expansion  so  that  lateral  mo- 
raine terraces  were  built  on  the  valley  sides  several  hundred  feet  above  the  present  glacier. 
With  this  augmented  thickness  the  glacier  would  naturally  have  extended  slightly  farther 
into  the  Copper  River  valley  than  at  present.  Whether  it  then  was  a  tributary  of  the 
trunk  glacier  of  the  Copper  River  valley  or  merely  touched  the  distal  portion  of  the  more 
powerful  Miles  Glacier  cannot  be  determined.  The  relationships  of  the  stagnant  mo- 
raine-covered termini  of  Grinnell  and  Miles  Glaciers  (PI.  CLXV),  make  it  clear  that  at 
some  stage  in  the  last  period  of  great  expansion  these  ice  tongues,  whose  termini  are  still 
within  500  feet  of  each  other,  must  have  coalesced,  the  Copper  River  flowing  beneath  the 
ice  or  else  maintaining  a  channel  between  the  two  ice  tongues.  This  latter  would  be 
possible  if  the  advances  of  Grinnell  and  Miles  GJaciers  were  not  sjrnchronous,  but  the 
density  and  age  of  the  vegetation  on  the  two  termini  suggest  that  they  were. 

From  1891  to  1907  the  Grinnell  Glacier  is  not  known  to  have  changed  appreciably. 
The  photographs  by  Spencer  and  Moffit  show  no  marked  differences  from  the  glacier  of 

1910.  In  1900  there  was  a  forested  terminal  hill  and  an  interior  flat.  The  age  of  trees 
on  the  terminal  hill  suggests  that  the  last  great  expansion  may  have  come  shortly  before 
1892  but  the  observations  of  Hayes  in  1891  and  of  Abercrombie  and  Allen  in  1884  and 
1885  furnish  no  details  as  to  the  previous  conditions. 

Mr.  E.  C.  Hawkins  informs  us  that  in  the  autumn  of  1907  there  were  great  slides  of 
morainic  material  from  the  terminal  hill  of  Grinnell  Glacier  near  Camp  52  and  that  a  new 
stream  appeared  at  that  time. 

A  slight  advance  has  been  in  progress  from  some  time  before  1907.  This  affects 
only  the  terminus  of  the  cascading  portion  of  the  glacier.  A  comparison  of  the  photo- 
graph by  Spencer  in  1900  with  one  by  Moffit  in  1907  indicates  that  a  small  area  of 
the  slope  of  bare  rock  in  the  middle  of  the  cascading  terminus  was  covered  by  the  ice 
between  1900  and  1907.  This  advance  may  have  continued  ever  since,  or  it  may  have 
ceased  and  a  new  period  of  advance  started,  for  there  was  distinct  minor  advance  from 
1909  to  1911.  Comparison  of  a  1909  photograph  by  E.  A.  Hegg,  with  the  glacier  ter- 
minus of  1910  showed  marked  advance.  This  continued  at  least  up  to  June,  1911.  It 
seemed  to  be  at  a  very  slow  rate  and  in  the  two  years  of  our  own  observations  did  not 
exceed  one  or  two  hundred  feet.  That  there  has  been  distinct  forward  movement  and 
that  it  was  in  progress  at  the  times  of  our  visits  was  certain.  In  1910  willows  and  alders 
up  to  8  years  of  age  were  being  overwhelmed  by  the  advance  of  the  ice  margin.    In  Jime, 

1911,  the  continuation  of  forward  movement  during  the  previous  winter  was  shown  by  a 
series  of  snow  arches,  pushed  up  parallel  to  the  edge  of  the  glacier,  and  by  the  fact  that» 
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where  the  snow  had  melted  away,  the  advancing  ice  was  overriding  young  shrubs  which 
had  budded  in  the  season  of  1911.  There  seemed  to  be  no  tendency  to  break  up  the 
buried  ice  in  the  interior  flat. 

At  the  glacier  margin  a  low  terminal  moraine  was  being  pushed  along  in  front  of  the 
glacier,  the  slope  of  which  at  the  end  is  30°  to  35°.  That  the  forward  movement  was 
exceedingly  slow  was  shown  by  the  fact  that  this  terminal  moraine  did  not  have  the 
shape  of  a  push  moraine,  as  at  Columbia  Glacier,  but  resembled  a  talus.  This  was  be- 
cause a  very  small  amoimt  of  outwash  gravel  was  being  ploughed  up  by  the  slowly- 
advancing  ice  compared  with  the  larger  amount  of  moraine  which  was  sliding  down  from 
the  surface  of  the  glacier.  The  ice  front  was  moderately  crevassed,  but  the  ice  was  rather 
dirty,  basal  ice  with  much  detritus,  which  was  being  released  by  melting  so  that  it 
was  continually  sliding  down  the  ice  front  to  the  talus  moraine.  In  places  numerous  ice 
blocks  from  crevassed  pinnacles  had  rolled  down  the  frontal  slope  of  the  glacier  and  lay 
on  and  in  front  of  the  terminal  moraine. 

Bdaiion  of  Olacier  to  Railway.  The  advance  of  Grinnell  Glacier,  in  101(y-1911,  and 
possiblylOlSy  might  conceivably  block  the  Copper  River  and  Northwestern  Railway,  if 
the  movement  should  continue  long  enough  to  break  up  the  stagnant  outer  ice  mass 
of  the  forested  terminal  hill  and  cause  it  to  become  crevassed,  even  if  the  glacier  did  not 
advance  further  into  the  river.  This  would  make  it  impossible  to  operate  the  upper 
150  miles  of  the  railroad,  for  the  small  Grinnell  Glacier,  located  at  the  lower  end  of 
Abercrombie  Rapids,  holds  the  key  to  the  railroad  situation  from  this  point  north- 
ward, particularly  as  the  eastern  bank  of  the  Copper  River  in  this  portion  (PL  CLXV) 
is  also  a  glacier,  over  which  the  building  of  a  railroad  would  be  veiy  difficult  and  would 
involve  at  least  two  expensive  bridges.  The  Grinnell  Glacier  b  small,  however,  and 
the  interior  flat  of  moderate  size,  so  that  it  would  take  a  rather  strong  advance  to 
disturb  conditions  in  the  outer  part  of  the  glacier  where  the  railway  crosses  it  and 
where  practically  all  the  ice  seems  to  have  melted  out  from  beneath  the  present  railway 
grade,' though  present  a  score  or  so  of  feet  from  it. 


CHAPTER  XXn 

ALLEN  GLACIER  AND  OTHER  ICE  TONGUES  OP  THE  COPPER  RIVER 

CANYON 

The  Canton  and  Its  Glaciers 

The  canyon  by  which  the  Copper  River  crosses  the  Chugach  Range  has  a  length  of 
100  miles.  Two-thirds  of  this  is  north  of  Allen  Glacier.  In  this  portion  its  width  varies 
from  one  to  three  miles.  The  valley  walls  rise  to  heights  of  5000  to  7000  feet.  Two 
large  rivers  join  the  Copper  about  half  way  through  this  canyon  section,  Bremner  River 
coming  in  from  the  east  and  Tasnuna  River  from  the  west.  These  tributary  valleys  are 
of  greater  width  than  the  trunk  valley,  but  Copper  River  is  of  much  greater  volume  than 
either  of  its  affluents.  In  the  Copper  River  valley  south  of  the  Brenmer  and  Tasnima 
rivers  are  Allen,  Heney  and  several  smaller  glaciers.  North  of  them  the  valley  walls 
have  a  number  of  much  smaller  ice  tongues.  Allen  Glacier,  the  first  to  be  described  in 
this  chapter  (Fig.  08),  is  inmiediately  north  of  and  close  to  Miles  Glacier  (Map  0,  in 
pocket). 

Allen  Glacieb 

Narne  of  Olacier.  No  name  was  given  this  glacier  by  any  of  the  Russian  explorers  or 
by  Allen,  who  recognized  it  as  an  ice  tongue  in  1885,  but  who  named  the  portion  of  Cop- 
per River  directly  east  of  it  Baird  Canyon.^  Hayes  applied  no  name  to  the  glacier  in 
1891,  nor  did  Abercrombie  in  1898,  and  it  does  not  appear  on  the  1898  map  by  Mahlo. 
In  1900  Witherspoon  applied  the  same  name  to  it  as  the  canyon,*  and  we  have  used 
his  map  and  this  name  in  our  preliminaiy  description.*  There  are  three  other  Baird 
Glaciers  in  Alaska,  however,  one  on  White  Pass,  named  by  Schwatka  in  1883  two  years 
before  Allen  named  Baird  Canyon,  the  second  in  southeastern  Alaska  on  Frederick 
Sound,  named  by  Thomas  in  1887,  and  the  third  east  of  Valdez,  named  by  Schrader  in 
1898.  A  new  name  has,  therefore,  been  declared  necessary  by  the  U.  S.  Geographic 
Board.  It  is  proposed  to  use  AUen,^  after  the  intrepid  explorer  who  was  one  of  the  first 
to  visit  it,  at  the  time  of  his  wonderful  journey  across  Alaska  in  1885. 

Oeneral  Description.  Allen  Glacier  comes  from  unexplored  snowfields  in  the  Chugach 
Mountains  west  of  Copper  River,  having  a  known  length  of  over  5  miles,  although  un- 
doubtedly it  is  longer,  probably  at  least  15  or  20  miles  in  all.  Its  vaUey  portion  is  a  mile 
and  three  quarters  wide.  It  has  clear  ice  in  its  vaUey  and  there  are  few  moraines  on  its 
surface.    It  flows  eastward  into  the  Copper  River  valley,  expanding  into  a  bulb  five  miles 

1  Expedition  to  the  Copper,  Tamma,  and  Kojrukuk  Riven,  Washington,  1887,  Map  2;  Narratives  of  Ezplo- 
rations  in  Alaska,  Washington,  1900,  map  lacing  p.  484. 

'  House  Doc.  546, 56th  Congiess,  2nd  Session,  1900,  PL  II;  Bull.  874,  U.  S.  Geol.  Surv^,  1909,  PL  I. 
*  Tarr,  R.  S.  and  Martin,  Lawrence,  Nat.  Geog.  Mag.,  Vol.  XXI,  1910,  map  on  p.  25. 
« This  is  Major  Henry  T.  Men,  8th  Cavalry,  United  States  Army. 
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■wide  in  a  north-south  direction  (PI.  CLXXIV),  and  spreading  eastward  completelf 
across  the  valley,  a  distance  of  over  three  and  a  half  miles.  By  this  expanded  glacier 
bulb  Copper  River  is  forced  over  against  the  eastern  wall  of  the  valley,  just  as  it  is  forced 
to  the  western  wall  immediately  below  by  the  ice  bulb  of  Miles  Glacier.  Opposite  the  end 
of  the  expanded  glacier  the  stream  is  narrowed  (Baird  Canyon)  aod  the  cutrent  quickened, 
although  there  are  no  true  rapids,  and  steamboats  navigated  this  part  of  Copper  River 
in  1909.  The  central  part  of  the  bulb  is  made  up  of  clear  ice  and  is  lower  than  the  eastern 


Fio.  68.    Allen  Glacieb  and  Its  Relationshifb  to  the  Awacent  Ice  ToNauEs. 
(After  D.  C.  Witherspoon,  U.  S.  Geol.  Survey;  the  map  Srsl  made  in  1900  and  republished  with  modifics- 
tioDS  in  1000.) 

part,  which  is  moraine-covered  and  clothed  with  vegetation.  Copper  River  swe^M 
around  the  entire  eastern  and  southern  peripheries  of  the  glacier,  but  on  the  northern 
side  there  is  a  large  alluvial  fan  and  a  smaller  one  on  the  south  side,  separating  the  river 
and  glacier.  A  rocky  hill  600  feet  high,  rises  out  of  the  northern  fan,  and  above  it  the 
river  is  broadened  into  a  lake-like  expanse. 

Obdervationa  Previous  to  1909.  The  Russians  do  not  seem  to  have  recognized  this  as 
a  glacier,  unless  Grewingk  also  alludes  to  it  as  the  "ice  covered  with  earth, "  thou^t  by 
us  to  refer  to  Miles  Glacier.  Abercrombie  does  not  mention  ae^ng  the  glacier  in  his 
1884  exploration. 
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Allen  does  not  show  the  glacier  on  his  1885  map  upon  which  he  named  Baird  Canyon, 
but  says  in  the  text,^  that  on  April  4, 1885,  ''the  camp  at  Baird's  Canyon  was  at  the  foot 
of  a  vegetation-covered  glacier  which  extended  along  the  river  for  6  or  7  miles.  A  short 
distance  above  the  canyon  the  width  of  the  river  is  two  miles,  with  two  small  streams 
emptying  into  it  on  the  east  side.   This  widened  part  or  lake  extends  about  6  miles. " 

In  August,  1891,  Hayes  made  the  sketch  map  showing  Allen  Glacier,  with  ''wooded 
moraine"  on  the  terminus  and  the  "shallow"  lake  above  with  "mud  flats"  ;  but  he  does 
not  mention  it  in  the  text. 

In  October,  1898,  Abercrombie  speaks  of  the  Copper  River  winding  "  around  the  glacial 
obstruction"  of  the  "larger  unnamed  glacier,"  below  which  is  Miles  Glacier  "likewise 
covered"  with  moraine  and  vegetation.*  Guide  RafiFerty  *  in  July,  1898,  says  "At  the 
upper  end  of  Baird's  Canyon  is  a  good-sized  terminal  moraine,  back  of  which  I  supposed 
was  a  "dying"  glacier.  Baird's  Canyon  was  found  to  be  a  very  smooth  piece  of  water, 
the  river  narrowing  down  from  the  wide  bay  to  a  few  hundred  feet  in  width. " 

Witherspoon's  map,  made  in  October,  1900  *  (PL  CLXXIX)  shows  AUen  Glacier  much 
as  now  except  that  the  eastern,  -  moraine-covered  portion  of  the  bulb  is  not  shown  as 
part  of  the  glacier  but  as  a  600  foot  hill  between  two  forks  of  the  glacier,  which  is  made 
to  bifurcate  where  it  emerges  from  its  mountain  valley.  This  is  surely  not  a  change  in 
condition  but  an  error  in  observation,  due  to  failure  to  recognize  an  alder-bearing, 
moraine-covered  glacier. 

In  sunmiaiy  of  the  observations  from  1885  to  1900,  there  seems  to  be  no  essential 
change;  nor  had  there  been  any  up  to  the  time  when  the  railway  surveys  of  1908  and  1909 
discovered  ice  all  along  their  5}  miles  of  railway  grade  on  the  glacier.  The  bulb  of  AUen 
Glacier  seems,  therefore,  to  have  been  stagnant,  moraine-veneered,  and  vegetation- 
covered  throughout  the  period  of  visits  by  white  men. 

Our  own  studies  of  Allen  Glacier  were  made  by  both  of  the  authors  for  half  a  day  in 
August,  1909,*  and  by  the  junior  author  '  between  August  24  and  27, 1910,  when  the 
contour  map  of  Allen  Glacier  was  made  (Map  9).  We  also  saw  Allen  Glacier  in  passing 
on  July  4, 1911. 

Valley  Glacier.  Allen  Glacier  flows  from  snowfields  (PI.  CLXX)  in  the  portion  of  the 
Chugach  Mountains  west  of  the  Copper  River  and  north  of  Mt.  Williams  ^  and  other 
peaks  at  least  6000  to  7000  feet  high.  Within  its  mountain  valley  the  glacier  is  a  clean, 
moderately-crevassed  ice  tongue  with  a  grade  of  500  feet  to  the  mile.  On  the  northern 
side  is  a  small  lateral  moraine  and  there  is  a  much  larger  one  extended  along  the  southern 

1  AUen,  H.  T.,  Expedition  to  the  Copper,  Xanana,  and  Kojrukuk  Rivera,  Washington,  1887,  pp.  4S-44; 
Narratives  of  Explorations  in  Alaska,  Washington,  1900,  pp.  425-6. 

>  Abercrombie,  W.  R.,  Reports  of  Explorations  in  the  Territory  of  Alaska,  1898,  War  Dept.,  Adj. -Gen.  Office, 
No.  XXV,  Washington,  1899,  p.  820;  also  in  Narratives  of  Explorations  in  Alaska,  Washington,  1900. 

« Rafferty,  J.  J.,  Same,  p.  449. 

« House  Doc.  546, 56th  Congress,  2nd  Session  1910,  PI.  I;  also  Bull.  874,  U.  S.  Geol.  Survey,  1909,  Fl.  I. 

» Tarr,  R.  S.  and  Martin,  Lawrence,  Nat.  Geog.  Mag..  Vol.  XXI,  1910,  pp.  14. 25, 27-28. 

•  Martin,  Lawrence,  The  National  Geographic  Society  Researches  in  Alaska,  Nat.  Geog.  Mag.,  Vol.  XXII, 
1911,  p.  541;  Mastering  the  Alaskan  Glacier  Barriers,  Scientific  American  Supplement,  Vol.  LXXI,  1911, 
pp.  805-807;  Gletschenmtersuchungen  Ittngs  der  KUste  von  Alaska,  Petermanns  Geog.  Mitteilungen,  Jahrgang 
1012,  Augustheft,  p.  79,  Tafein  9  and  11;  Un  Chemin  de  Fer  sur  Glacier  dans  I'Alaska,  La  Nature,  Vol.  41, 
1918,  pp.  404-407. 

f  Named  in  1910  for  Mr.  Alfred  l/\^lliams,  assistant  engineer  of  the  Copper  River  and  Northwestern  Railway. 
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margin.  A  medial  moraine  near  the  south  side  is  broad  and  on  passing  outside  the  moun- 
tain valley  it  swings  across  into  the  middle  of  the  glacier  with  a  shape  like  a  fishhook. 
At  the  mouth  of  the  mountain  valley  the  glacier  grade  is  steepened  slightly  and  the  ice 
is  more  crevassed  than  in  the  piedmont  bulb.  This  may  be  interpreted  as  evidence  that 
Allen  Glacier  is  in  a  hanging  valley. 

The  Allen  Glacier  Bulb.  While  within  its  mountain  valley  the  glacier  has  a  width  of 
only  a  mile  and  three  quarters  to  two  miles,  it  expands  in  the  broad  Copper  River  valley 
forming  a  bulb  five  miles  wide  (PL  CLXXIV),  with  a  grade  which  flattens  to  180  feet 
to  the  mile.  The  medial  moraine  and  the  southern  lateral,  spreading  out  in  this  pied- 
mont bulb,  cover  the  southern  part  of  the  glacier  with  a  veneer  of  moraine;  but  the 
northern  part  of  the  bulb,  for  a  width  of  a  mile  and  a  half  consists  of  almost-uncrevassed 
ice  with  practically  no  moraine  covering.  Here  a  few  ice  cones,  with  protecting  moraine 
veneer,  stand  above  the  general  level,  as  they  also  do  near  the  center  of  the  glacier  at 
the  margin  of  the  clear  ice  area.  The  northern  margin  of  the  bulb  has  several  medial 
moraines  and  a  hummocky  lateral  moraine.  These  are  all  made  up  of  black  shale, 
greenstone,  and  graywacke,  except  one  of  yellow  granite,  and  their  prevailing  dark  color 
forms  a  striking  contrast  with  the  red  moraines  of  the  southern  border.  On  the  north 
much  less  of  the  margin  of  the  bulb  is  moraine-covered.  On  each  margin  of  the  bulb 
close  to  the  debouchure  of  the  valley  glacier  there  is  a  narrow  barren  zone  of  naked 
rock. 

The  Terminal  Hill.  East  of  this  clear  ice  area,  and  rising  to  a  height  of  a  little  less  than 
500  feet,  is  a  wooded  hill  zone,  which  extends  from  the  zone  of  barren  ablation  moraine 
about  a  mile  eastward  to  the  river.  This  terminal  hill  is  the  extension  of  the  glacier  bulb; 
although  it  does  not  look  like  a  glacier,  it  is  everywhere  underlain  by  ice.  Its  highest 
part  is  nearest  the  clear  ice,  from  which  it  is  separated  by  an  abrupt  crescentic  escarp- 
ment facing  the  glacier.  The  undulating  eastern  slope  is  a  long  gentle  descent  to  the  edge 
of  the  marginal  channel  of  Copper  River  in  Baird  Canyon.  This  surface  is  rather  hum- 
mocky and  is  slumping  here  and  there,  so  that  sections  exposing  bare  ice,  beneath  abla- 
tion moraine  and  beneath  a  tangle  of  roots,  are  frequently  revealed.  Ice  was  seen  in 
several  places  along  the  river  bank  in  August,  1909,  and  many  other  exposures  were 
seen  when  the  railway  was  being  constructed. 

There  are  valleys  cut  in  the  moraine-covered  glacier  margin  all  along  its  outer  per- 
iphery, in  one  case  with  a  considerable  basin  holding  a  lake  and  doubtless  due  more  to 
melting  and  slumping  than  to  stream  cutting. 

Upon  this  stagnant,  moraine-covered  outer  portion  of  the  bulb  grows  a  dense,  continu- 
ous, mature,  alder  thicket,  with  scattered  cottonwoods  near  the  river.  The  annual 
rings  in  several  of  the  largest  alders  were  counted  in  1910  and  the  ages  varied  from  50  to 
67  years,  indicating  that  the  advance  of  the  glacier  across  the  valley,  which  we  know 
from  Allen's  observations  to  have  been  over  25  years  ago  was  certainly  over  67  years  ago 
(before  1848)  and  perhaps  even  earlier. 

The  Interior  Flat.  The  clear  ice  area  within  the  vegetation-covered  bulb  is  an  interior 
flat  (PI.  CLXXII),  intermediate  in  stage  of  development  between  that  of  Atrevida 
Glacier  in  1909  and  those  of  Variegated  and  Galiano  Glaciers  in  1905-09.  In  August, 
1909,  this  interior  flat  was  boimded  by  the  crescentic  escarpment  of  the  forested  terminal 
hill  and  by  a  terminal  moraine.  It  represented  the  site  of  200  feet  or  more  of  melting  of 
clean  ice,  lowering  below  the  former  level,  as  indicated  by  the  forested  part  of  the  ice 
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bulb.  At  the  time  of  our  observations  in  1909  and  1910  there  was  an  area  of  nearly* 
flat  ice,  merging  into  an  area  of  moderately-rising  glacier  which  sloped  gradually  up- 
wards to  the  valley  mouth.  Upon  the  edge  of  this  flat  ice  a  broad  stream  was  slowly 
flowing  through  a  series  of  lake-like  expanses  in  which  clay  and  sand  were  being  de- 
posited upon  the  ice,  as  they  had  previously  been  deposited  upon  a  similar  but  higher 
area  to  the  northeast  where  slumping  had  followed  the  melting.  A  continuation  of  such 
alluviation  upon  the  ice  will  produce  a  gravel-bottomed  interior  flat,  similar  to  that  of 
Variegated  Glacier  in  Yakutat  Bay.  The  ice  surface  in  the  flat,  which  was  diversified 
only  by  broad  swells  and  sags,  had  melted  down  to  the  bottoms  of  the  crevasses.  There 
was  an  occasional  one  in  1910  which  had  sloping  walls  and  was  4  or  5  feet  deep.  Farther 
up  the  flat  toward  the  valley  glacier  the  crevasses  were  deeper  but  30  feet  was  the 
maximum  depth.  Some  of  the  shallower  crevasses  were  flUed  with  sand  and  mud. 
There  were  no  appreciable  changes  in  the  ice  or  the  drainage  of  the  interior  flat  between 
1909  and  1910. 

The  Northern  Terminal  Moraine.  North  of  the  bulb  of  AUen  Glacier  is  a  strong  cres- 
centic  terminal  moraine  (PI.  CLXXII).  It  is  over  3  miles  long,  an  eighth  to  a 
quarter  mile  wide,  and  50  feet  high.  Parts  of  it  form  a  single  broad  ridge,  other  parts 
have  shallow  basins  and  flat  knobs.  It  is  separated  from  the  glacier  by  a  crescentic  low- 
land a  quarter  to  a  half  mile  wide  with  pools,  marginal  channels,  outwash  deposits  and 
lake  clays,  and  slumping  surface  where  these  deposits  had  been  laid  down  upon  the 
nose  of  the  glacier.    This  zone  is  barren  of  all  vegetation. 

The  moraine  seems  to  have  no  ice  beneath  it.  Its  surface  is  covered  with  moss  and 
grasses  and  had  alders  and  willows  which  were  9  to  19  years  of  age  in  1910.  One  willow 
at  the  outer  border  of  the  moraine  on  the  alluvial  fan  was  approximately  50  years  old. 

The  only  gaps  in  this  northern  moraine  were  where  streams  from  the  glacier  had  cut 
through  and  only  one  of  these  was  occupied  in  1910.  The  other  gaps  were  abandoned 
stream  channels  which  headed  up  in  the  moraine  or  cut  completely  through  it  and  termi- 
nated at  a  higher  level  than  the  present  surface  of  the  glacier. 

Alluvial  Fans  of  Otdioash  Gravel,  The  excess  in  the  amount  of  thinning  of  the  glacier 
by  ablation  in  the  improtected  interior  flat  has  given  the  northern  side  a  lower  posi- 
tion than  the  moraine-protected  southern  margin  and  the  main  drainage  from  Allen 
Glacier,  therefore,  escapes  this  way,  building  the  great  alluvial  fan,  many  times  larger 
than  that  of  the  stream  from  the  southern  side.  This  northern  fan  (PI.  CLXXIV) 
slopes  54  feet  to  the  mile  in  one  portion  and  elsewhere  80  feet  to  the  mile.  It  partly 
dams  Copper  River,  aiding  the  glacier  bulb  in  producing  the  lake-like  expanse  which 
backs  up  into  side  valleys  and  produces  mud  flats  at  low  water  and  broad  shallow 
expanses  at  times  of  flood  (PI.  CLXXIX).  The  size  of  the  alluvial  fan  on  the  north 
furnishes  additional  proof  that  the  glacier  has  been  where  it  now  is  for  a  long  period; 
and  the  absence  of  vegetation  on  all  parts  of  the  fan  shows  that  the  streams  have 
shifted  back  and  forth  over  it  regularly  in  building  it  up. 

The  Marginal  Channel.  The  marginal  channel  of  Baird  Canyon  (PI.  CLXXI)  differs 
from  that  at  Abercrombie  Rapids  in  the  lack  of  swift,  white  water  with  reefs  and 
dangers  to  navigation,  partly  because  the  river  is  here  in  a  broader  channel  and  partly 
because  the  lake-like  expanse  above  Abercrombie  Rapids  backs  up  into  Baird  Canyon 
and  decreases  the  velocity  there.  On  this  account,  and  also  because  of  the  protection 
afforded  by  the  large  alluvial  fan  on  the  northern  side  of  the  glacier  the  river  is  not 
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making  severe  inroads  on  the  glacier,  as  it  does  upon  the  Childs  and  the  southern 
portion  of  Miles  Glacier.  No  icebergs  are  discharged,  for  the  glacier  front  is  every- 
where mantled  by  moraine  and  vegetation.  In  spite  of  the  narrowing  of  the  river  from 
8400  feet  just  north  of  Allen  Glacier  to  400  feet  in  Baird  Canyon  the  current  is  not 
quickened  sufficiently  to  make  the  river  undercut  the  glacier  front,  although  the  ice  is 
known  to  extend  out  to  the  river  itself. 

Evidence  of  Flowage  in  Allen  Glacier.  The  layers  of  ice  in  many  portions  of  the  bulb  of 
AUen  Glacier  are  not  horizontal,  or  inclined  upward  at  a  low  angle,  as  near  the  termini 
of  many  valley  glaciers.  They  are  complexly  folded  and  crumpled  and,  at  many  pK>ints 
within  the  interior  flat,  the  general  dip  is  vertical.  This  supports  the  idea  of  uprising  ice 
currents  within  interior  flats.  The  folds  in  several  places  (PI.  CLXXVII)  were  found  to 
be  thickened  on  crests  and  thinned  on  the  limbs  as  in  the  type  of  what  Van  Hise  has 
called  similar  folds.^  As  rock  folds  of  this  type  are  taken  as  evidence  of  rock  flowage  it 
seems  possible  that  these  ice  folds  may  be  interpreted  as  evidence  of  glacier  movement 
by  actual  viscous  flowage.  The  faults  which  cut  certain  folds  are  later  than  the  folds 
and  seem  to  have  been  made  in  the  zone  of  fracture,  or  crevassing,  after  ablation  of 
the  glacier  surface  removed  the  overlying  ice  so  that  the  folded  ice  was  in  the  zone  of 
fracture  rather  than  in  the  zone  of  flowage.   The  ice  is  largely  made  up  of  coarse  crystals. 

History  of  AUen  Glacier.  The  early  stage  of  Allen  Glacier  as  a  tributary  of  the  main 
Copper  River  Glacier  seems  to  have  been  followed  by  a  stage  of  complete  deglaciation 
of  the  main  valley  so  that  when  Allen  Glacier  expanded  to  its  present  form  it  had  an  open 
valley  in  which  to  spread  out.  This  is  suggested  by  the  symmetrical  mushroom  head  of 
this  bulb  glacier,  which  is  the  most  perfect  illustration  of  this  type  of  glacier  thus  far 
described. 

The  date  of  this  period  of  expansion  is  not  known  except  that  it  was  before  IMS,  as 
the  vegetation  proves.  The  time  since  this  expansion  seems  to  have  been  one  of  sudi 
slow  movement  in  the  valley  glacier  that  the  ice  brought  forward  from  the  snowfields 
is  practically  all  removed  by  vertical  ablation  in  the  interior  flat.  That  the  glacier  is 
moving  forward  and  is  not  "dead,**  as  is  commonly  believed  in  Alaska,  is  necessitated 
by  the  snow  supply  in  the  mountains  and  proved  by  the  crevassing  in  the  portion  of  the 
interior  flat  adjacent  to  the  valley  glacier.  The  movement  is  very  slow  and  does  not 
seem  to  appreciably  affect  the  outer,  or  eastern,  portion  of  the  bulb  at  aU,  for  the  vege- 
tation has  grown  in  the  4  or  5  feet  of  ablation  moraine  soil  for  more  than  half  a  century. 

When  we  visited  the  Allen  Glacier  in  1909,  bare  ice  was  still  visible  in  six  of  the  rail- 
way cuts  on  the  glacier  terminus.  A  year  later  none  of  these  exposures  showed  ice.  The 
level  railway  grade,  which  had  been  produced  in  1909  by  blasting  out  a  shelf  in  the  gla- 
cier ice  and  levelling  it  up  with  morainic  ballast,  was  seriously  modified  in  1910.  The 
slumping  of  the  grade,  due  to  melting  of  the  ice  beneath,  amounted  to  2  or  3  feet  in 
many  places  and,  at  the  maximum,  amounted  to  over  7  feet.  Slimiping  at  the  water's 
edge  showed  that  in  1910  the  ice  still  extended  out  beneath  Copper  River.  The  largest 
area  of  slumping  beneath  the  railway  grade  was  5.0  by  120  feet.  Slumping  had  commenced 
here  in  1909  and  ice  was  then  visible  beneath  the  rails.  The  settling  at  this  point 
amounted  to  6  feet  at  one  time  of  observation  in  1910,  although  there  had  been  some 
filling  in  the  meantime  by  the  railway  section  gang. 

1  Van  Hise,  C.  R.,  Principles  of  North  American  Pre-Cambrian  Geology,  16Ui  Ann.  R^t.,  U.  S.  Geol. 
Survey,  Part  1, 1896,  p.  600. 
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The  front  of  Allen  Glacier  has  a  distinct  crenulation  which  is  interpreted  not  as  due 
to  lobation  of  the  ice  front,  but  to  slumping  of  areas  where  the  ice  melts  out.  One  of 
these  has  already  been  spoken  of  as  containing  a  good-sized  pond.  Another  valley  SO 
or  40  feet  deep  was  formed  between  our  visits  in  1909  and  1910  and  in  the  latter  year  its 
margins  showed  long  cliffs  of  bare  black  ice  and  a  floor  100  by  300  yards  strewn  with 
dead  alder.  Earlier  events  of  this  sort  were  indicated  by  deep  valley-like  crenulations 
in  the  glacier  front,  some  of  them  with  mature  alder  growing  on  the  sides  where  slump- 
ing had  ceased,  others  with  the  slopes  still  covered  with  dead  or  dying  vegetation. 

Relation  of  Allen  Glacier  to  the  Railway.  Nowhere  else  in  the  world,  so  far  as  we  know, 
is  a  railway  built  for  5}  miles  upon  the  end  of  a  living  glacier  (Pis.  CLXXI,  CLXXXI, 
B).  The  ballast  beneath  the  ties  and  rails  of  the  railway  actually  rests  upon  the  ice, 
not  upon  an  abandoned  moraine  as  at  Heney  Glacier.  Since  the  railway  was  built, 
disadvantages  in  this  location  have  been  revealed,  notably  the  settling  of  the  track  as 
the  ice  beneath  it  melts,  the  frequent  breaking  out  of  new  streams,  calling  for  new 
trestles,  and  in  one  case  the  shifting  of  a  bridge  support  18  inches  toward  the  river, 
necessitating  the  driving  of  a  new  pile.  These  di£Sculties  will  recur  every  summer  and 
will  always  render  this  section  of  the  railway  expensive  to  maintain  and  slow  for  trains 
to  run  over.  Of  course  there  is  no  danger  to  passengers  on  a  railway  thus  located, 
provided  track-walkers  watch  the  ridlway  grade  carefully. 

The  gravest  problem  in  connection  with  the  section  of  the  railway  on  Allen  Glacier 
comes  in  connection  with  a  possible  advance  of  the  glacier.  This  would  destroy  the 
track  and  completely  block  traffic  on  the  whole  railway,  for  there  is  no  way  to  go  around. 
After  a  period  of  immunity  of  67  years  such  an  advance  is  likely  to  come  at  any  time  and 
may  be  especially  imminent  any  time  within  the  next  few  years,^  for  the  adjacent  Childs, 
Grinnell,  and  Heney  Glaciers  had  advances  in  1910  and  1911,  suggesting  that  the  snow- 
fields  west  of  Copper  River  are  likely  to  also  produce  an  advance  in  the  Allen  Glacier, 
which  lies  between  the  Grinnell  and  Heney  ice  streams. 

Such  advance,  however,  would  probably  be  short-lived  and,  if  not  too  large,  its  impetus 
might  all  be  taken  up  in  the  interior  flat,  so  that  the  outer  edge  of  the  glacier  bulb,  on 
which  the  railway  is  built,  need  not  necessarily  be  broken  up. 

The  railway  engineers  could  not  have  avoided  this  stretch  of  track  upon  the  glacier, 
without  prohibitive  expense  of  rock  cuts,  a  tunnel,  and  two  expensive  bridges  across 
Copper  River.  The  most  serious  error  in  the  railway  building  was  the  stripping  off  of  all 
vegetation  from  the  right  of  way.  If  the  alders  had  been  left  growing  close  up  to  the 
railway  the  slumping  of  the  ice  beneath  and  close  to  the  track  would  have  been  much  less. 
Even  now  it  would  probably  pay  to  plant  the  right  of  way  with  new  shrubs  so  that  further 
slumping  beside  the  track  may  be  decreased.  It  seems  likely  that  renewal  of  ballast 
beneath  the  rails  will  eventually  bury  the  ice  there  so  deeply  that  slumping  will  cease. 

1  Since  making  this  prediction  of  imminent  advance  of  Allen  Glacier  the  junior  author  has  been  informed 
by  Mr.  Caleb  Corser  of  the  Copper  River  and  Northwestern  Riulway  that  during  the  summer  of  1912  the 
glacier  commenced  to  move  forward.  The  southern  border  was  crevassed  and  broken  in  September,  1912, 
and  showed  dear  Uue  ice  where  there  was  smooth,  moraine-veneered  ice  in  1911.  In  the  northern,  moraine- 
covered  margin  of  the  bulb  there  was  much  thickening  and  crevasaing  and  an  advance  which  is  said  to 
amount  to  i  mile.  The  largest  glacial  stream  on  the  northern  side  of  Allen  Glacier  left  the  channel  which 
it  occupied  from  1909  to  1911  and  flowed  in  a  new  channel,  in  1912,  about  a  mile  farther  west.  Its  yolumo 
was  greatly  increased  and  the  stream  shifted  frequently,  causing  much  trouble  in  the  portion  of  the  railway 
^rade  on  the  northern  alluvial  fan  of  outwash  gravds. 
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S&CALL  Ice  Tongues  North  or  Allen  Glacibb 

La  Gorce  Glacier.  In  the  valley  immediately  east  of  the  tenninus  of  Allen  Glacier 
there  is  a  small  ice  stream  called  La  Gorce  Glacier.^  It  is  a  valley  glacier  a  little  smaller 
than  Grinnell  Glacier  and  terminates  about  2  miles  from  Copper  River.  This  ice  stream 
flows  with  a  rather  steep  grade  from  a  large  cirque.  Its  terminus  b  mantled  with  d6bris. 
There  is  a  strong  lateral  moraine  on  the  valley  side  east  of  the  glacier  margin,  which  seems 
to  be  of  recent  formation.  A  broad  valley  train  of  outwash  gravels  leads  from  the  gla- 
cier to  the  Copper  River. 

The  mouth  of  the  valley  of  La  Gorce  glacier  is  exceptionally  steep-sided  because  of 
glacial  erosion.  It  seems  clear  that  the  La  Gorce  valley  formerly  mouthed  at  least  a 
■lile  farther  north  and  that  the  Copper  River  now  sweeps  through  the  mouth  of  La  Gorce 
valley  (PI.  CLXXfV)  in  the  portion  of  its  course  soutli  of  the  600  foot  rock  hill  near 
Allen  Glacier.  This  hill  was  formerly  tlie  termination  of  a  spur  on  the  northern  side 
of  La  Gorce  valley.  Allen  Glacier  seems  to  have  forced  the  Copper  River  into  a  marginal 
channel  which  crossed  this  spur  and  entered  La  Gorce  valley,  the  river  then  sawing  off 
the  end  of  the  spur  and  converting  it  into  a  detached  rock.  It  is  concluded  that  this 
diversion  was  related  to  an  earlier  expansion  of  Allen  Glacier  than  the  present  one 
because  the  channel  east  of  the  rock  hill  is  not  a  narrow,  steep-sided  gorge,  but  has  been 
opened  out  to  a  width  of  a  quarter  mile  with  flaring  walls.  This  b  ascribed  to  erosion 
by  the  former  trunk  glacier  of  the  Copper  River  valley.  The  expansion  of  Allen  Glacier 
b  thought  to  antedate  this,  and  the  reoccupation  by  Copper  River  of  this  modified 
marginal  channel  may  be  due  to  alluviation  by  the  glacial  streams  on  the  northern 
side  of  Allen  Glacier. 

Wernicke  Glacier }  Wernicke  River  enters  the  Copper  River  valley  northeast  of  Allen 
Glacier,  flowing  in  scores  of  channeb  over  a  gravelly  valley  train  a  mile  wide.  We  have 
not  visited  the  glacier  at  the  head  of  thb  valley  but  from  the  many  streams  it  b  judged 
to  be  of  considerable  size. 

Shields  Glacier,  Shields  Glacier  ^  is  a  small  valley  glacier  on  the  western  side  of  Copper 
River  valley  about  6  miles  north  of  Allen  Glacier.  It  terminates  near  the  lip  of  its  hang- 
ing valley  (PI.  CLXXIX). 

Smaller  Ice  Masses.  A  hanging  valley  south  of  Shields  Glacier  still  retains  a  small 
glacier.  There  are  several  on  the  valley  wall  north  of  the  La  Gorce  Glacier,  two  of  which 
come  so  nearly  in  line  that  they  give  the  erroneous  impression  of  a  recemented  glacier. 

North  of  Wernicke  River  there  is  a  n4v4-sheathed  slope  of  the  type  seen  in  Harriman 
Fiord.  This  ice  expands  on  a  moderately  steep  slope  and  terminated  in  1910  just  above 
a  barren  zone,  where  there  was  formerly  a  steep  ice  cascade. 

Hbxet  Glacier 

Location.  Heney  Glacier  b  on  the  western  side  of  Copper  River  10  miles  north  of  Allen 
Glacier.  The  portion  of  the  Copper  River  canyon  near  Heney  Glacier  is  2  to  4  miles 
wide  with  the  mountain  walls  on  each  side  rising  precipitously  over  5000  feet.  Instead 
of  being  blocked  by  glaciers  that  project  clear  across  the  valley  from  either  side,  as  Allen 

>  Named  in  1910  for  John  O.  LaGorce^  aangtant  editor  of  the  National  Geographic  Magaaine. 
<  Named  in  1910  for  L.  Wernicke  and  Archie  Shiddi  of  the  Copper  RiTer  and  Northern  Railway. 
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and  Miles  Glaciers  do,  the  canyon  is  open,  having  only  this  one  large  glacier  extending 
into  it,  and  this  ice  tongue  reaches  only  about  a  mile  into  the  Copper  River  valley.  The 
other  glaciers  of  this  portion  of  Copper  River  end  at  a  considerable  height  in  the  moun- 
tains. 

General  Description.  This  ice  tongue  rises  in  cirques  and  snowfields  4000  to  6000  feet 
above  sea  level.  It  has  a  known  length  of  about  8  miles  and  perhaps  an  even  greater 
extension  in  the  mountains.  At  the  mouth  of  its  mountain  valley  it  has  a  width  of  about 
a  mile.  Outside  the  moimtain  valley  it  expands  in  a  bulb  over  two  miles  wide,  and  orig- 
inally similar  in  form  to  the  bulb  of  Allen  Glacier.  The  bulb  of  Heney  Glacier  has  now 
been  modified  by  retreat,  but  more  is  left  of  it  than  that  of  Childs  Glacier,  because  Copper 
River  has  not  cut  into  the  Heney  and  modified  its  form. 

McCune  Glacier,  a  former  tributary  of  Heney  Glacier  on  the  south  side,  erroneously 
shown  on  previous  maps  as  confluent  with  Heney  Glacier,  has  been  disconnected  from 
the  main  ice  tongue  by  melting  and  now  terminates  about  half  a  mile  within  its  valley. 

Heney  Glacier  terminates  in  a  low  slope,  most  of  which  is  covered  with  ablation  mo- 
raine and  supports  thick  vegetation.  In  front  of  the  glacier  is  an  abandoned  terminal 
moraine,  traversed  in  a  great  curve  by  the  railway.  Between  the  railway  and  the  glacier 
there  are  several  lakes,  the  shores  of  two  of  which  are  traversed  by  the  railway.  In  the 
largest  one,  which  is  farthest  to  the  north,  the  glacier  has  a  vertical  cliff  and  discharges 
a  few  small  icebergs.  Heney  Glacier  is  nearly  as  large  as  Childs  Glacier,  but  is  much  less 
impressive  as  seen  from  the  railway,  because  it  is  not  so  active,  and  has  not  a  high  verti- 
cal cliff  undercut  by  the  Copper  River.  Because  it  is  moving  slowly,  the  outer  end  of 
it  is  dark-colored  and  unattractive,  with  ablation  moraine  and  ice  covered  with  thickets 
of  alder  and  cottonwood.  The  upper  part  of  the  glacier  is  clean  and  beautiful  and  a 
view  from  a  point  about  a  mile  west  of  the  railway  shows  Heney  Glacier  as  an  impres- 
sive and  attractive  tongue  of  ice,  ranking  fully  with  the  Childs  Glacier  in  size  and  beauty. 

Previous  Maps.  Heney  Glacier  has  not  been  described  previously.  It  was  first  shown 
upon  a  map  by  Mahlo  in  1898.^  It  was  sketched  more  accurately  by  Witherspoon  in 
1900  *  (PL  CLXXIX)  and  was  shown  upon  a  later  map  of  the  U.  S.  Geological  Survey.* 
The  detailed  map  of  the  terminal  bulb  (PI.  CLXXVIII)  was  made  in  1910  by  the  Na- 
tional Geographic  Society's  expedition.  Rough  sketches  of  the  relationship  of  the  glacier 
terminus  were  made  by  the  railway  surveyors  between  1906  and  1909,  and  their  maps 
are  the  first  ones  upon  which  the  presence  of  the  lakes  in  front  of  Heney  Glacier  is 
shown.  Throughout  this  period  of  observation,  this  ice  tongue  seems  to  have  remained 
in  about  the  same  position  and  condition,  and  it  may  be  assumed  to  have  been  inactive, 
with  normal  slow  motion  in  the  valley  glacier  and  tributaries,  and  with  an  almost 
stagnant  condition  in  the  bulb,  from  sometime  before  1898  to  the  summer  of  1910  when 
our  studies  were  made. 

The  Valley  Glacier.  The  valley  glacier  showed  no  abnormal  features  in  1910.  It  heads 
on  a  snow  divide  with  the  Schwan  Glacier  of  Tasnuna  valley,  flowing  eastward  and 
receiving  as  tributaries  two  cascading  glaciers  from  the  west  and  two  large  and  two 
small  glaciers  from  the  south.   The  slope  of  the  main  ice  tongue  is  moderate,  an  ascent 

t  Abercrombie,  W.  R.,  War  Dq)'t.,  Adj.-Gen.  Office,  No.  XXV,  Waahington.  1899;  Sdirader,  F.  C,  «Oth 
Ann.  Rq)t..  U.  S.  Gcol.  Survey,  Part  VII,  1900,  Map  No.  21. 
>  House  Doc.  546, 56th  Congress,  2nd  Session,  Washington,  1900,  PI.  II. 
« BuU.  874,  U.  S.  Geo].  Sunr^,  1909,  PI.  I. 
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from  580  feet  to  830  feet  above  the  railway  being  made  in  the  two  miles  from  the  mouth 
of  the  valley  glacier  to  the  end  of  the  first  large  tributary  on  the  south.  The  surface  of 
the  valley  glacier  is  little  crevassed  and  only  slightly  encumbered  with  moraine.  The 
moraine  extends  farthest  up  the  glacier  on  the  northern  margin.  The  crevasses  were 
predominantly  longitudinal  and  travel  was  easy  in  1910  upon  the  long  narrow  seracs  of 
the  valley  glacier. 

Barren  Portion  of  Btdb.  The  southern  half  of  the  bulb  of  Heney  Glacier  is  free  from 
moraine  and  slopes  10°  to  20°.  There  is  a  little  d6bris  in  this  basal  ice,  but  the  surface 
has  scattered  stones  upon  it.  Near  the  glacier  margin  the  bottoms  of  a  few  crevasses 
reach  to  the  very  bottom  of  the  glacier,  revealing  ice  layers  which  stand  at  a  high  angle. 

The  northwestern  half  of  the  bulb  is  thickly  mantled  with  ablation  moraine  and  its 
surface  is  a  maze  of  knobs,  kettles,  ridges  and  hollows,  with  ice  showing  in  little  cliffs 
at  a  few  localities.  The  surface  rises  gradually  from  150  to  580  feet  above  the  railway. 
The  surface  of  this  ablation  moraine  was  ever3rwhere  slimiping  in  1910  and  vegetation 
had  nowhere  taken  root  upon  it,  except  in  a  narrow  strip  close  to  the  forested  portion  of 
the  bulb.  Even  here  the  plants  were  very  young  and  were  scattered,  so  that,  in  general, 
there  was  a  sharp  line  of  demarcation  between  the  barren  and  the  forested  zones  ci  the 
moraine-covered  bulb. 

Forested  Portion  of  Btdb.  All  of  the  eastern  end  of  the  bulb  (PI.  CLXXVIII)  is  thickly 
covered  with  ablation  moraine,  beneath  which  the  presence  of  ice  is  only  shown  by  in* 
frequent  areas  of  slumping.  This  portion  of  the  glacier  is  completely  covered  with  dense 
forest.   Most  of  the  trees  are  alders,  but  there  are  scattered  cottonwoods  and  willows. 

The  Terminal  Moraine.  The  terminal  moraine  (PI.  CLXXVIII)  is  followed  by  the 
railway  from  the  lake  south  of  Mile  Post  75  to  the  curve  just  beyond  Mile  Post  77.  The 
glacier  has  retreated  half  to  seven-eighths  of  a  mile  from  the  moraine.  Near  Mile  Post 
75  and  for  over  a  mile  to  the  south  the  glacier  retains  an  advanced  position  so  that  no 
moraine  has  been  exposed  by  melting.  For^  short  distance  beyond  this,  however,  there 
is  an  independent  morainic  ridge,  from  which  the  glacier  has  receded  about  half  a  mile. 
This  southern  moraine  is  broad  and  low  and  partly  covered  with  forest. 

The  northern  portion  of  the  moraine  where  followed  by  the  railway,  varies  in  width 
from  a  single,  synmietrical,  narrow  ridge  to  a  moraine  belt  nearly  an  eighth  of  a  mile 
wide.  The  height  ranges  from  5  to  15  feet,  for  the  lower  ridges,  to  40  or  50  feet.  The 
ridges  are  crescentic  and  parallel  to  the  former  ice  front,  and  sometimes  contain  small 
ponds  and  dry  kettles.  The  material  in  different  parts  of  the  moraine  is  till,  rounded 
outwash  gravel,  fine  river  silt,  cross-bedded  dune  sand,  and  huge  angular  bowlders. 
In  several  localities  the  till  overlies  the  dune  sand  or  the  large  angular  blocks  rest  upon 
stratified  stream  deposits,  showing  that  there  has  been  an  advance  after  a  period  of 
retreat.    In  no  case  were  the  lower  deposits  at  all  weathered. 

The  Marginal  Lakes,  There  are  four  large  and  several  small  lakes  around  the  margin 
of  Heney  Glacier.  These  lakes  have  one  wall  of  ice  and  one  of  terminal  moraine.  Three 
of  them  lie  within  the  two  areas  of  interior  flat  which  this  bulb  glacier  has  developed 
upon  either  side  of  the  central  ridge  of  ablation  moraine.  That  the  lakes  have  fluctuated 
in  level  is  well  shown  in  the  southernmost,  where  there  were  minute,  abandoned  beach 
levels  in  1910. 

The  southern  interior  flat  contained  an  area  of  ground  moraine  which  was  crossed  by 
a  remarkable  series  of  hundreds  of  low,  parallel  furrows  and  ridges  (PI.  CLXXX)  of 
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B.     The  Forested  TERMis'ua  of  Grinnell  Glacier  in  1910 
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the  type  fonned  by  a  minor  advance  of  a  glacier  across  the  unconsolidated  deposits  of  a 
previous  retreat.  These  parallel  ridges  were  crossed  at  various  angles  by  narrow  de- 
posits of  sand  and  clay.  Some  of  the  latter  were  3  or  4  feet  high  (PL  CLXXni,  A) 
and  rather  sinuous.    Those  at  the  glacier  margin  had  cores  of  ice. 

The  marginal  lake  at  the  eastern  end  of  the  glacier  is  the  first  one  seen  from  the  train 
going  northward.  Its  ice  wall  is  completely  covered  with  growing  forest  and  slopes  at 
a  moderate  angle. 

The  northern  marginal  lake,  the  largest  bordering  Heney  Glacier  and  also  well  seen 
from  the  railway,  is  about  a  mile  long  and  half  to  three  quarters  of  a  mile  wide.  It  has 
the  terminal  moraine  on  the  north  and  east  sides,  outwash  gravels  on  the  west,  and  the 
glacier  on  the  south.  This  glacier  margin,  which  is  in  the  zone  of  barren  ablation  moraine, 
has  been  undercut  by  the  lake  waters,  so  that  it  forms  a  precipitous  cli£F,  20  to  50  feet 
high.  At  the  time  of  our  studies  ice  blocks  were  occasionally  sliding  down  into  the  water, 
more  at  night  than  during  the  day.  The  lake  is  probably  very  shallow,  for  no  icebergs 
were  afloat  upon  it. 

The  OiUwash  Gravels.  The  deposits  made  by  the  glacial  streams  from  Heney  Glacier 
merge  with  those  of  the  Copper  River.  The  largest  alluvial  fan  is  on  the  south  and  is 
barren  near  the  present  streams  and  thickly  covered  with  alder  elsewhere.  The  modem 
outwash  gravels  west  of  the  largest  lake  are  barren  and  surround  remnants  of  older 
outwash  which  is  forested. 

Vegetation  on  Heney  Glacier.  The  trees  and  moss  on  the  portion  of  the  glacier  which 
is  covered  with  ablation  moraine  and  upon  the  terminal  moraine  furnish  some  facts 
regarding  the  recent  history  of  the  terminal  bulb.  The  absence  of  annual  plants  and  of 
moss  on  the  western  belt  of  ablation  moraine  show  that  melting  of  the  ice  has  resulted 
in  slumping  for  some  time  in  the  past.  The  presence  of  moss  and  of  a  dense  growth  of 
mature  trees  on  the  eastern  extremity  shows  that  it  has  long  been  immune  from  slumping, 
and  yet,  even  here,  the  rare  areas  of  dead  and  overturned  trees  show  that  the  ice  lies  at 
no  great  distance  below  the  surface.  Upon  the  outer  margin  of  the  glacier  and  upon  the 
terminal  moraine  near  Mile  Post  75  the  alders  and  cottonwoods  were  11  to  26  inches  in 
diameter  and  50  to  76  years  old  in  1910,  but  at  the  extreme  northwestern  edge  of  the 
terminal  moraine,  near  Mile  Post  77  there  were  cottonwoods  over  90  years  old.  This 
shows  clearly  that  the  last  expansion  of  the  bulb  of  Heney  Glacier  was  about  a  century 
ago  and  that  for  over  76  years  there  has  been  no  period  of  activity  capable  of  breaking 
up  the  outer  portion  of  the  bulb. 

Near  the  outlet  of  the  large  northern  lake  the  crest  of  a  high  knob  in  the  terminal 
moraine  showed  great  cracks  in  1910.  As  the  rocks  were  thickly  covered  with  moss  and 
the  ridge  was  forested  this  raised  the  question  as  to  whether  the  ice  still  imderlies  this 
moraine  and  the  lake  basin.  We  saw  nothing  elsewhere  that  led  us  to  suspect  ice  beneath 
this  moraine,  the  remainder  of  which  is  forested  and  undisturbed  by  slumping. 

Activity  of  Heney  Glacier  in  1911.  It  has  been  stated  that  the  glacier  was  only  moder- 
ately crevassed  in  1910.  The  crevasses  in  the  valley  tongue  seemed  to  be  of  two  sorts, 
one  set  were  the  normal  crevasses  of  the  more  rapidly  moving  upper  glacier  reduced  by 
ablation,  the  other  a  longitudinal  series  of  fresh-looking  gashes  which  had  sliced  the 
glacier  into  long  flat-topped  seracs.  This  latter  series  extended  into  the  edge  of  the 
zone  of  barren  ablation  moraine,  where  none  of  the  older  crevasses  were  left.    That 
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they  were  made  in  the  season  of  1910  was  evident  from  their  relationships  to  the  abla- 
tion moraine.    They  died  out  within  a  few  hundred  feet  of  the  edge  of  the  clear  ice. 

In  July,  1911,  Heney  Glacier  was  seen  from  the  railway  and  the  crevasses  then 
extended  throughout  the  zone  of  barren  ablation  moraine.  They  were  much  more 
abundant  in  the  clear  ice  of  the  southern  portion  of  the  bulb  and  extended  clear  to  the 
margin  of  the  large  northern  lake.  It  was  evident  that  portions  of  the  glacier  easily 
traversed  in  1910  were  nearly,  if  not  quite,  impassable  in  1911.  Mr.  L.  Wernicke,  one 
of  the  railway  engineers,  noted  in  September,  1911,  that  there  were  many  icebergs  in 
the  northern  lake. 

Evidently  a  wave  of  abnormal  movement  spread  down  through  the  Heney  Glacier  in 
1910-1911.  It  seemed  to  be  only  a  minor  spasmodic  advance  of  the  sort  which  prevents 
vegetation  from  gaining  a  foothold  in  the  inner  portion  of  the  bulb,  rather  than  a  great 
advance  like  the  one  which  resulted  in  the  building  of  the  terminal  moraine  about  a 
century  ago. 

Adjacent  Glaciers.  Of  the  ice  tongues  near  Heney  Glacier  the  largest  is  the  McCune 
Glacier,  already  alluded  to  as  a  detached  tributary  of  the  Heney.  This  valley  glacier 
is  about  an  eighth  of  a  mile  wide  and  over  4  miles  long,  rising  in  snowfields  adjacent  to 
those  of  Shields  Glacier.  In  1910  it  was  moderately  crevassed  and  had  a  strong  medial 
moraine  and  two  lateral  moraines.  The  half  mile  between  this  glacier  and  the  margin 
of  the  Heney  is  occupied  partly  by  outwash  gravels  and  partly  by  two  independent  mo- 
raines, one  a  terminal  moraine  of  McCune  Glacier,  the  other  a  lateral  moraine  of  Heney 
Glacier,  the  margin  of  whose  bulb  has  bulged  into  this  valley  since  the  McCune  Glacier 
became  independent. 

There  is  a  small  glacier  in  the  tributary  valley  north  of  Heney  Glacier  (h,  PI.  CLXXIX) . 
This  glacier  formerly  supplied  ice  to  the  Heney  and  now  hangs  600  or  800  feet  above  the 
surface  of  the  trunk  glacier.  The  water  from  the  small  glacier  descends  from  the  lip  of 
the  hanging  valley  in  a  series  of  beautiful  waterfalls  (PL  CLXXIII,  B). 

The  first  cirque  south  of  Heney  Glacier  contains  a  small  stagnant  ice  mass,  covered 
with  ablation  moraine.  This  cirque  hangs  over  1000  feet  above  the  floor  of  the  Copper 
River  canyon. 

Other  Glaciers  of  the  Copper  River  Canyon 

The  ice  tongues  of  the  Copper  River  canyon  north  of  Heney  Glacier  are  not  at  all 
well  known.  We  have  studied  none  of  them,  but  have  seen  several  of  them  from  a  dis- 
tance. At  the  head  of  the  Bremner  River  there  are  large  glaciers,  and  on  the  south  side 
of  the  Tasnuna  valley  there  are  two  large  bulb  glaciers,  of  which  Woodworth  Glacier 
seems  to  be  larger  than  Schwan  Glacier.  Each  of  the  latter  was  stagnant  and  moraine- 
covered  in  1910  and  apparently  much  as  they  were  when  visited  by  Schrader  *  in  1898. 

Most  of  the  ice  tongues  north  of  the  Tasnuna  River,  except  Cleave  Creek  Glacier,* 
are  small  and  descend  at  steep  grades,  in  several  cases  as  cascading  glaciers,  as  on  the 
peak  south  of  Dewey  Creek.  The  noteworthy  feature  about  all  these  ice  tongues  b 
their  small  size  in  contrast  with  the  great  size  of  the  glaciers  farther  south  in  the  Chugach 
Mountains  where  the  snowfall  is  many  times  greater. 

1  Schrader.  P.  C,  «Oth  Ann.  Rcpt..  U.  S.  G«ol.  Survey,  Part  Vn,  1900,  pp.  364,  S97-808,  Pis.  XXXII, 
XXXm  and  Biap  20. 
•  Ihid.r  pp.  802, 896  and  PI.  XXX. 


CHAPTER  XXin 

GLACUTION  OF  THE  PRINCE  WILLIAM  SOUND  AND  LOWER  COPPER 

RIVER  REGIONS 

Introductoby 

This  chapter  will  be  devoted  to  a  discussion  of  some  of  the  phenomena  of  general 
gladation  of  the  Prince  William  Sound  and  lower  Copper  River  regions,  except  as  al- 
ready taken  up  in  connection  with  individual  glaciers  and  separate  fiords.  As  in  the 
corresponding  discussion  for  the  Yakutat  Bay  region  (pp.  198-231),  there  will  be  amplifi- 
cation of  special  topics,  but  no  attempt  will  be  made  to  summarize  the  phenomena  of 
gladation  presented  in  (pp.  232^-450),  except  as  they  furnish  evidence  on  the  problems 
under  consideration.^ 

The  Copper  River  canyon  will  be  dealt  with  first,  then  Prince  William  Sound,  and, 
lastly,  there  will  be  a  brief  comparison  of  the  glacial  history  of  the  Prince  William  Sound 
and  Yakutat  Bay  regions. 

The  Lower  Coppeb  Riveb 

Ttie  Canyon  Between  Chilina  and  Tasnuna  Rivers.  From  the  broad  intermontane 
basin  of  Copper  and  Susitna  Rivers,  which  is  surrounded  by  the  Chugach,  Wrangell, 
Talkeetna,  and  Alaska  Ranges  there  are  water-gaps  and  passes  leading  out  in  various 
directions.  Copper  River  emerges  at  the  lowest  of  these  and  plunges  into  the  hundred 
miles  of  canyon  by  which  this  stream  crosses  the  Chugach  Coast  Range  to  the  Pacific 
Ocean.  This  canyon  consists  of  three  quite  different  portions,  (1)  a  northern,  narrow 
canyon,  (2)  a  wider,  middle  canyon,  and  (8)  a  southern,  terminal  portion  which  flares 
open  toward  the  ocean.  The  northern,  narrow  portion  of  this  canyon  lies  between  the 
Chitina  and  Tasnuna  Rivers.   Its  topography  is  shown  in  Figs.  69,  70,  and  Fl.  CLXXIX. 

From  the  Chitina  River  southward  (Fig.  69)  the  river  valley  at  first  narrows  down- 
stream (PI.  CLXXVI,  A),  the  valley  walls  become  higher,  and  the  river  plunges  into 
Wood  Canyon,  a  short,  narrow,  steep-walled  gorge  (PL  CLXXVI,  B). 

Below  Wood  Canyon  the  river  is  in  a  broader,  young,  stream  valley,  whose  walls 
rise  still  higher  as  the  stream  penetrates  the  mountains,  until,  near  Spirit  Mountain 
and  Tiekel  River,  elevations  of  6000  to  7000  feet  are  attained  within  %  miles  of  the 
river.  It  is,  thus,  even  deeper  than  the  Grand  Canyon  of  the  Colorado  River  in  Arizona, 
but  differs  from  it  in  having  a  form  produced  by  glacial  erosion.  With  this  general 
character  (PL  CLXXV)  the  canyon  continues  southward  to  Tasnuna  River.  Its 
grandeur  is  not  seen  as  well  from  the  railway,  which  follows  the  western  bank,  as  from 

>  For  general  maps  of  the  area  diMnused  see  A.  H.  Brooks.  Fl.  5,  House  Doc.  1S46,  Part  t,  62iid  Congress, 
Srd  session.  Washington,  1918;  U.  S.  Grant  and  D.  F.  Higgins,  Fl.  II,  in  pocket.  Bull  443,  U.  S.  Geol.  Survey, 
1910;  and  Map  1,  in  po<^et  of  this  book. 
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the  ri\-er  itself,  and  there  are  few  finer  ri%-er  trips  in  the  world  than  that  from  Chitioa 
River  southward  through  the  Copper  River  canyon.  Tlie  junior  author  had  the  oppor- 
tunity ot  making  tins  in  1910  when  steamboats  were  runnmft  on  the  Copper. 

The  present  grade  of  tlie  nver  in  thi^  upper  portion  of  the  canyon  ranges  between 
6  and  8  feet  to  the  mile     The  n\er  is  an  ana!«tomo<img  stream,  divided  into  scores  of 

shallow,  braided  chan> 
ncls  on  a  narrow  valley 
liottomof  glacial  outwa^ 
gravcLs.  Tlie  only  excep- 
tion to  this  is  the  short 
stretch  of  Wood  Canyon, 
where  the  river  covers  the 
whole  Iwttom  of  a  single, 
deep  gorge.  Copper 
River  is  heavily  laden 
with  glacial  debris  from 
the  Wrangcll,  Chugach. 
and  Alaska  Ranges  and 
the  bottom  of  the  canyon 
is  being  built  up,  so  that 
the  channels  are  continu- 
ally shifting.  One  day  in 
August,  1910,  for  exam- 
ple, a  steamboat  upon 
which  the  junior  author 
ascended  and  descended 
the  Copper  River  for  88 
miles  was  obliged,  on  the 
return  trip,  to  seek  new 
channels  at  several  points 
where  deposition  had 
sliallowed  the  channels 
which  were  nangable 
earlier  the  same  day. 

The  portion  of  the  Cop- 
per Rivercanyon  between 
Chitina  and  Tasnuna 
River  has  been  intensely 
glaciated.  The  walls  are 
Fio.  CO.    Copper  Riveb  Cakyos.  much  oversteepened  (Rg. 

(After  U.  S.  Geological  Surrey.)  70J  n^J  the  U-shape  (PI. 

CLXXIX)  is  well  developed.  The  oversteepening  results  in  modem  avalanches,  as 
in  a  case  just  soutli  ot  Cleave  Creek.  There  are  numerous  hanging  valleys  (see  h. 
Fig.  70),  which  are  at  elevotions  of  from  300  to  400  feet  for  the  larger  tributaries,  in- 
creasing to  an  extreme  of  1500  to  eOOO  feet  in  the  case  of  a  small  hanging  valley  just 
north  of  Dewey  Creek.    The  post-glacial  gorges  cut  in  the  lips  of  these  hanging  valleys 
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contain  numerous  beautiful  waterfalls.  Hanging  valleys  of  the  second  order  are  also 
present.  The  hackly  surfaces  characteristic  of  glacial  plucking  are  prominent  on  some 
of  the  oversteepened  slopes.  The  roches  moutonu^e  form  is  best  developed  in  the  hitt 
of  naked  rock  at  the  mouth  of  the  Tiekel  River  vhere  the  east  west  movement  of  this 
large  glacial  tributary  has  predominated  The  upper  limit  of  glaciation  must  be  SOOO 
to  5000  feet  in  the  northern 
portion  of  the  canyon. 
Above  this  the  irregular 
supei^acial  surfaces  seem 
to  be  due  more  to  weather- 
ing during  the  extreme  gla- 
ciation  than  at  present,  for 
there  are  no  great  accumula- 
tions of  talus  below  these 
precipitous  cliffs,  as  would 
be  the  case  if  post-glacial, 
high-altitude  weathering  had 
produced  them,  rather  than 
super-glacial  weathering 
with  a  glacier  present  below 
in  the  canyon  to  transport 
the  weathered  material 
away. 

The  canyon  winds  more 
than  in  the  broader  section 
south  of  Tasnuna  River,  so 
that  one  sees  overlapping 
spurs  from  certain  points, 
but  the  ends  of  these  spurs 
are  sharply  truncated  by  gla- 
cial erosion.  The  cross-sec- 
tion of  the  gorge  is  in  some 
places  asymetrical,  as  in  the 
eight  miles  from  Tiekel  to 
Cleave  Creek,  where  the 
eastern  side  of  the  canyon  is 
much  more  oversteepened 
than  the  western  side,  which 
still  retains  some  long,  slop- 
ing, overlapping  and  only  ^o-  "•■  CorpEn  Rivbr  Canion. 
ali^tly  truncated  spurs.  f*"^"^  U.  S.  Geologicsl  Survey.) 

The  same  section  also  shows  the  rock  terrace  in  which  the  present  stream  course 
ia  cut  in  some  places,  and  which,  here  and  there,  produces  a  system  of  very  low,  over- 
lapping spurs. 

For  about  fifteen  miles  souUi  of  Wood  Canyon  Copper  River  occupies  an  ill-defined 
secondaiy  gcnge  within  its  glaciated  cation.    The  gorge  is  cut  in  a  rock  bench  or  ter- 
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race  which  'slopes  gradually  southward  from  the  mouth  of  Hanagita  Valley.  Young 
gorges  have  been  cut  across  the  remnants  of  this  bench  by  tributary  streams.  Its  top 
has  the  rounded  outlines  of  a  glaciated  surface.  Near  the  southern  portion  glacial  gravels 
rest  upon  it. 

The  isolated  2200  foot  rock  hill  called  The  Peninsula  (PL  CLXXIX),  and  a  similar 
hillock  just  south  of  Cleave  Creek,  present  interesting  problems,  deserving  of  attention, 
in  connection  with  former  marginal  drainage  and  glacier  distribution. 

The  Origin  of  Wood  Canyon.  Wood  Canyon  is  a  young,  steep-sided  gorge  of  a  sort 
seen  nowhere  else  in  the  lower  Copper  River.  Its  origin  is  interesting  and  may  possibly 
be  of  importance  in  connection  with  the  problem  of  how  Copper  River  acquired  its 
present  course  across  the  Chugach  Range.  This  problem  has  been  touched  upon  by 
Schrader  and  Spencer,^  and  by  Mendenhall.^ 

Without  going  in  detail  into  this  larger  problem,  which  requires  further  field  woric 
in  relation  to  several  other  outlets  of  the  Copper-Susitna  basin,  it  may  be  pointed  out 
that  a  glacial  origin  '  seems  more  reasonable  than  headwater  erosion,  as  suggested  by 
Mendenhall,  or  an  antecedent  origin  for  the  course  of  Copper  River  throu£^  this 
northern  portion  of  the  mountains,  with  the  Wood  Canyon  iaterpreted,  as  has  been 
done  by  Schrader  and  Spencer,  as  an  evidence  of  recent  warping. 

This  hypothesis  of  glacial  origin  of  the  course  of  Copper  River  across  the  mountain 
range  may  be  outlined  as  follows:  The  preglacial  upper  Copper  and  Chitina  Riven 
are  thought  of  as  having  some  other  course  to  the  sea  than  the  present  one.  The  pre- 
glacial lower  Copper  River  is  thought  of  as  heading  somewhere  south  of  but  dose  to 
the  present  Wood  Canyon.  A  former  subsequent  stream  ia  the  Hanagita  Valley  is 
thought  of  as  turning  at  right  angles  at  the  south  end  of  what  is  now  Wood  Canyon 
and  flowing  northward  through  the  pass,  alluded  to  hereafter  as  Hanagita  Watergap, 
to  Chitina  River,  just  as  Tebay  River  fifteen  miles  farther  east,  now  flows  northward 
from  Hanagita  Valley  to  Chitina  River.^  The  hypothesis  then  supposes  that  the  inter- 
montane  glacier  of  the  Copper  River  basin  rose  high  enough  to  have  an  outiet  southward 
through  the  Chugach  Mountains  by  way  of  the  lower  Copper  River,  and  that  a  facial 
stream  cut  the  present  Wood  Canyon  and  diverted  the  drainage  of  the  eastern  portion 
of  the  Copper  River  basin,  that  is  the  Upper  Copper  and  Chitina  Rivers,  into  the  head- 
waters of  the  lower  Copper,  whose  valley  had  been  enlarged  by  glacial  erosion  to  the 
present  canyon  form. 

The  conditions  at  Wood  Canyon  are  as  follows.  The  canyon  is  a  narrow  gash  (PI. 
CLXXVI,  A)  cut  in  the  bottom  of  an  older  col.  This  broad  flat-bottomed  col, 
Hanagita  Watergap,  seems  to  be  a  preglacial  stream  course  at  a  littie  higher  level  than 
the  broad  rock  terrace  in  which  the  present  gorge  of  the  adjacent  Chitina  River  is  in- 

1  Schrader,  F.  C,  A  Reconnaissance  of  a  Part  of  Prince  William  Sound  and  the  Copper  River  District* 
Alaska,  in  1898,  20th  Ann.  Rept..  U.  S.  Geol.  Survey,  Part  VII.  1900.  pp.  S95-403;  Schrader,  P.  C.  and 
Spencer,  A.  C,  Geology  and  Mineral  Resources  of  a  Portion  of  the  Copper  River  District,  House  Doc  540, 
56th  Congress,  2nd  Session,  Washington,  1901,  pp.  70-75;  Spencer,  A.  C,  Pacific  Mountain  System  in  British 
Columbia  and  Alaska,  Bull.  Geol.  Soc.  Amer.,  Vol.  XIV.  190S.  pp.  120-121,  127. 

s  Mendenhall,  W.  C,  A  Reconnaissance  from  Resurrection  Bay  to  the  Tanana  River,  Alaska,  in  1898,  80th 
Ann.  Rept.,  U.  S.  Geol.  Survey,  Part  VII.  1900,  pp.  334-335. 

>  Martin,  Lawrence,  Nat  Geog.  Mag.,  Vol.  XXII,  1911,  p.  560;  Petermanns  Geog.  Mitteilungen,  Jahrgang. 
1912,  p.  81;  The  Canyon  and  DelU  of  the  Copper  River  in  AUska,  Bull.  Geol.  Soc.  Amer.:  Vol.  84,  191S. 

« See  Fl.  I.,  Bull.  874,  U.  S.  Geol.  Survey,  1909. 
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ciaed.'  From  this  difference  in  level,  it  is  thou|^t  that  the  pregtadal  drainage  through 
the  Hanagita  Watergap  went  northward.  The  watergap  ia  thought  of  as  mdened  out  to 
the  U-shape  by  the  ice  which  streamed  southward  from  the  Copper  River  basin. 

The  glacial  erosion  of  the  watei^ap  produced  a  secondary  valley  within  it,  but  this 
glacial  valley  nearly  everywhere  coincides  with  Wood  Canyon  and,  therefore,  is  recog- 
nizable at  only  one  point,  where  about  half  a  mile  of  it  ia  preserved.  This  is  where  the. 
Railwi^r  leaves  the  west  bank  of  the  river,  just  north  of  Mile  Post  124,  and  follows  this 
abandoned  vall^  (c  in  PI. 
CLXXVI,  B,  and  Fig.  71)  which 
is  80  or  80  feet  above  the  present 
level  of  the  river. 

When  the  glacier  was  melting 
away  this  glacial  valley  was  ap- 
parent^ occupied  by  a  tongue  of 
stagnant  ice  long  enough  to  pre- 
vent the  main  stream  from  flow- 
ing here,  for  part  tA  the  Wood 
Canyon  channel  was  established 
just  to  the  east.  That  glacial 
waters  occupied  this  channel  at 
one  stage,  however,  is  shown  by 
outwosh  gravels  90  feet  above  the 
present  Copper  River. 

Wood  Canyon  (PL  CLXXVI) 
was  afterward  incised  to  its  pres- 
ent depth  and  is  diiefly  a  post- 
glacial gorge.  In  it  the  Copper 
River  ia  constricted  in  a  channel 
400  to  650  feet  wide,  in  contrast 
with  ISOO  feet  just  below  the 
canyon  and  over  half  a  mile  just 
north  of  it. 

The  origin  of  Wood  Canyon  is 
clearly  involved  with  the  glacial 
period  rather  than  orographic 
movements.  The  great  terraces 
of  outwash  gravels  in  the  C<q>per  and  Chitina  valleys  ore  graded  up  to  an  elevation 
that  makes  it  impossible  to  consider  their  formation  in  relation  to  anything  but 
streams  graded  up  to  a  temporary  baselevel  at  the  height  ol  the  tt^  of  the  Wood 
Canyon  walls,  or  the  ^>proximate  height  of  the  abandoned  valley  followed  by  the 
railway.  This  establishes  Wood  Canyon  as  post-glacial,  and  suggests  the  control  of 
the  downcutting  of  the  rock  floor  of  the  canyon  over  the  system  of  terraces  and  gorges 
which  have  been  cut  in  the  glacial  gravels  of  the  whole  Copper  River  basin. 

How  long  ago  Wood  Canyon  was  eroded  cannot  be  stated,  nor  ia  it  likely  that  down- 
cutting  has  entirely  ceased.    It  seems  certain,  however,  that  it  has  taken  several  thousand 


Pia.  71.    Copni  Bma  in  Wood  Caittom. 


•  See  Fl.  L.  BuD.  874,  V.  S.  Gtd.  Surr^.  IMHI. 
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years*  for  the  loess  deposits  overlying  the  outwash  graveb  immediately  north  of  Wood 
Canyon  have  been  at  least  1000  years,  and  probably  much  longer,  in  process  of  ac- 
cumulation.^ 

The  Canyon  Between  Tasnuna  River  and  ChUds  Glacier.  The  middle  portion  of  Copper 
River  Canyon  extends  from  Tasnuna  River  to  Childs  Glacier  (PI.  CLXXIX).  The 
width  in  this  section  is  from  2  to  4  miles,  in  contrast  to  the  width  of  a  half  mile  to  a 
mile  in  the  narrower  canyon  between  Tasnuna  River  and  Chitina.  The  width  in  this 
glacial  canyon  does  not  increase  down-stream  as  in  a  valley  carved  by  river  erosion. 
Just  below  Tasnuna  River,  for  example,  the  canyon  is  over  four  miles  wide,  and  fouiv 
teen  miles  to  the  south  at  Allen  Glacier  it  is  four  miles  wide,  while  six  miles  farther 
down-stream  the  width  is  only  two  and  one-half  miles,  and  six  miles  below  this,  at 
Childs  Glacier,  the  width  is  again  four  miles.  The  canyon  walls  are  slightly  lower 
than  in  the  narrow,  northern  section,  the  average  height  in  this  middle  section  being 
5000  to  6000  feet,  attained  within  1  to  2  miles  of  the  river.  The  U-shape  is  wdl 
developed  although  the  canyon  walls  flare  more  than  in  the  northern  section. 

The  broadened  valley  bottom  of  the  Copper  River  canyon  was  recognized  by  AJlen 
in  1885  as  an  evidence  of  profound  glacial  erosion.^ 

The  cause  for  the  increased  width  of  the  canyon  from  Tasnuna  River  to  Childs  Glacier 
seems  to  be  the  incoming  of  the  Tasnuna  and  Bremner  valleys.  The  Tasnuna,  about 
two  miles  wide,  and  the  Bremner,  about  a  mile  and  a  half  in  width,  join  the  Copper, 
which  is  less  than  a  mile  wide,  causing  the  four  miles  of  width  in  the  section  of  the  C<^per 
under  discussion.  This  matter  of  width  is  another  argument  in  favor  of  the  recenpy  of 
the  diversion  of  the  drainage  of  the  Copper  River  basin  across  the  Chugach  Mountains. 
The  relationship  of  widths  of  the  Copper  and  these  two  tributaries  is  a  natural  one, 
granting  profound  glacial  erosion  by  the  Copper  River  Glacier,  aided  by  the  large  former 
ice  tongue  in  the  Tasnuna  valley,  which  stiU  contains  the  Woodworth  and  Schwan 
Glaciers,  and  the  large,  former  ice  tongue  of  the  Bremner  valley,  where  there  are  great 
glaciers  even  now. 

The  canyon  walls  between  Tasnuna  River  and  Childs  Glacier  are  exceptionally  sim- 
ple, chiefly  as  a  result  of  glacial  erosion.  There  are  no  projecting  spurs  (PL  CLXXIX), 
except  the  tiniest  remnants  of  eroded  spurs,  as  in  the  one  in  the  rock  cut  between  Allen 
Glacier  and  Camp  55  at  Abercrombie  Rapids.  The  lower  slopes  of  the  canyon  are 
much  oversteepened,  the  upper  limit  of  glaciation  being  estimated  at  between  1500 
and  2000  feet  north  of  Allen  Glacier  and  1450  feet  at  Childs  Glacier.  Below  the  shoul- 
der of  oversteepening  the  slopes  are  rounded  and  there  is  little  post-glacial  stream 
dissection. 

Above  the  shoulder  of  oversteepening  (a-a  in  PL  CLXXXI,  A,)  there  are  many 
stream  courses,  separated  by  rather  finely  dissected  spurs.  The  peaks  include  many 
pointed  horns  and  broad  towers,  especially  in  the  horizontal  strata  just  north  of  Allen 
Glacier  and  Wernicke  River. 

The  great  predominance  of  striation  and  glacial  rounding  and  polishing  upon  the  lower 
slopes  of  the  canyon  emphasizes  the  few  surfaces  of  bare  rock  which  are  hackly  and 
innocent  of  glacial  grooving.    Among  the  places  where  these  are  found  are,  (1)  the  pre- 

« Tarr,  R^  S.  and  Martin,  Lawrence*  Glacial  Deposits  of  the  Continental  Type  in  Alaska,  Joixm.  Geol.r 
Vol.  XXI.  1913,  pp.  289-SOO. 
>  AUen,  H.  T.,  Copper  River,  Alaska,  Glacial  Action,  Sdenoe,  Vol.  VIII,  1886,  pp.  145-146. 
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cipitous  1800  foot  diff  east  of  the  terminus  of  Allen  Glacier,  where  the  lower  1000  feet 
are  nearly  vertical,  (2)  the  western  canyon  wall  at  Abercrombie  Rapids,  and  (3)  the 
western  side  of  the  isolated  000  foot  rock  hill  at  the  mouth  of  La  Gorce  Vall^.  Part 
of  this  rock,  facing  Allen  Glacier,  has  vertical  and,  at  one  place,  actually  overhanging 
cliffs.  In  each  case  the  absence  of  striation,  which  is  unquestionable  at  the  localities 
inspected,  and  seems  to  be  so  for  the  inaccessible  higher  portions  of  the  same  cliffs  ex- 
amined with  field  glasses,  is  explained  by  glacial  plucking.  The  absence  of  striation 
on  two  of  these  cliffs,  however,  opposite  marginal  channels  of  the  Copper  River,  sug- 
gests the  complication  of  stream  erosion.  Below  these  non-striated  cliffs  there  is  usually 
an  absolute  absence  of  talus,  showing  that  the  rough  surfaces  were  produced  by  an  ero- 
sive agent  which  worked  in  association  with  a  transporting  agency.  This  eliminates 
post-glacial  weathering  or  avalanching. 

Talus  slopes  mantle  certain  of  the  canyon  walls  in  the  section  between  Tasnuna  River 
and  Childs  Glacier.  These  are  especially  well  developed  at  Abercrombie  Rapids,  where 
the  railway  engineers  have  cut  off  the  noses  of  several  steep  talus  cones  which  are  1000 
or  2000  feet  high.  This  has  modified  them  in  a  way  to  invite  future  rock  avalanches.^ 
These  talus  cones,  some  of  which  extend  above  the  upper  limit  of  glaciation,  and  which 
are  now  entirely  covered  with  vegetation  are,  therefore,  no  longer  growing,  from  which 
it  may  be  inferred  that  post-glacial,  high-altitude  weathering  is  far  less  effectual  than 
the  super-glacial  weathering  of  the  time  of  maximum  glaciation. 

Some  of  the  tributaries  of  Copper  River  are  in  hanging  valleys  (PI.  CLXXIX). 
The  smaller  tributaries  have  discordances  of  several  hundred  feet,  the  stream  at  Whiting 
Falls  north  of  Heney  Glacier,  for  example,  hanging  800  to  400  feet,  another  (Map  9) 
just  southwest  of  Allen  Glacier  hanging  550  feet,  and  a  third  just  north  of  Abercrombie 
Rapids  hanging  about  400  feet.  This  last  hanging  valley  is  at  Camp  56  and  a  milky 
stream  from  a  small  glacier  descends  its  lip,  but  the  gorge  of  the  stream  just  north  of 
it,  which  has  no  glacier,  is  not  a  hanging  valley.  Shields  Glacier  is  in  a  hanging  valley, 
but  it  is  not  certain  whether  the  large  tributary  streams,  like  those  of  La  Gorce  Glacier 
and  Wernicke  River  are  in  hanging  valleys  or  not.  If  so,  their  discordance  is  hidden 
by  the  gravel  filling  of  the  Copper  River  canyon.  Bremner  River  may  even  be  dis- 
cordant in  relation  to  the  Tasnuna  and  main  Copper  Rivers,  for  there  are  low,  roches 
moutonn^e  hills  in  its  mouth. 

The  floor  of  the  middle  section  of  the  Copper  River  canyon  is  absolutely  devoid 
of  rock  ledges,  excepting  in  rare  hills  like  the  large  one  at  the  mouth  of  La  Gorce  Valley 
and  small  rock  islands  close  to  the  valley  walls,  as  in  a  case  just  south  of  Wernicke 
River.  The  rock  bottom  is  thought  to  be  some  distance  below  the  present  river  level, 
perhaps  partly  accounting  for  the  greater  width  here  than  in  the  section  north  of  Tas- 
nuna River.  The  valley  floor  is  mantled  with  glacial  outwash,  which  covers  about 
fifty  square  miles  between  Allen  Glacier  and  Tasnuna  River.  The  present  grade  of 
Copper  River  for  the  whole  middle  section  of  the  canyon  averages  less  than  three  and 
one-half  feet  to  the  mile,  or  about  half  that  in  the  section  between  Tasnuna  River  and 
Chitina.  As  this  three  and  one-half  foot  average  includes  the  Childs,  Abercrombie, 
and  Baird  Rapids,  it  is  apparent  that  the  grade  elsewhere  is  not  over  2  or  8  feet  to  the 
mile.    The  Allen  (PI.  CLXXXI,  B)  and  Miles  Glaciers,  acting  as  a  dam  and  checking 

>  Some  of  these  predicted  avalandies  took  place  during  the  summer  of  1912,  bloddng  the  railway  for 
•everal  weeks. 
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the  current  of  the  Copper  River»  are  responsible  for  thb  great  accumulation  of  coarse, 
outwash  gravels.  The  river  is  divided  into  innumerable,  branching,  shifting  channels 
of  the  type  which  develop  in  heavily-loaded  glacial  streams  whose  current  is  checked 
(PL  CLXXIX). 

The  Former  Copper  River  Fiord.  The  third  section  of  the  course  of  the  Copper  River 
across  the  Chugach  Mountains  is  between  Childs  Glacier  and  the  railway  bridge  at 
Flag  Point.  This  is  the  mouth  of  the  Copper  River  canyon,  which  flares  so  much  in 
a  distance  of  twelve  miles  that  the  width  of  four  miles  at  Childs  Glacier  increases  to 
thirteen  miles  at  Flag  Point.  The  mountain  walls  attain  heights  of  4000  to  5000  feet 
within  1  to  8  miles  of  the  valley  bottom. 

The  lower  portions  of  the  valley  wall  slope  very  steeply  as  a  result  of  glacial  erosion. 
In  a  cUff  just  south  of  Miles  Glacier  on  the  eastern  valley  wall  there  is  an  ascent  of  1700 
feet  in  a  distance  of  2000  feet,  and  just  north  of  Flag  Point  on  the  western  vall^  wall 
there  is  an  ascent  of  4000  feet  in  less  than  a  mile. 

The  tributary  vall^s  enter  at  discordant  grades,  as  near  McPherson  Glacier  where 
extensive  glacial  erosion  is  shown  by  the  hanging  valley  over  the  end  of  which  this 
ice  tongue  cascades.  The  hanging  cirque  between  McPherson  and  Miles  Glaciers  has 
been  eroded  by  a  local  glacier  now  melted  away.  The  valley  in  which  Fickett  Glacier 
lies  seems  to  have  been  much  deepened  and  steepened  in  the  lower  slopes  by  ice  erosion. 
The  Childs,  Goodwin,  and  Johnson  Glaciers  probably  occupy  hanging  vall^s,  but 
is  not  certain  whether  the  valley  occupied  by  Martin  River  Glacier  is  discordant  or 
not. 

It  is  thought  that  this  lower,  flaring  portion  of  the  Copper  River  canyon  is  a  former 
fiord  and  that  the  waters  of  the  Pacific  Ocean  formerly  extended  at  least  as  far  north 
as  the  Childs  and  Miles  Glaciers. 

This  conclusion  is  based  upon  the  fact  that  borings  at  the  mouth  of  the  canyon  near 
Flag  Point,  close  to  the  western  valley  wall,  and  at  Hotcake  Channel,  about  in  the  middle 
of  the  valley,  show  that  there  is  no  rock  for  a  distance  of  at  least  ^  to  85  feet  below 
sea  level.  At  the  head  of  the  flaring  section  of  the  valley  the  soundings  in  the  Miles 
Glacier  lake  show  that  the  rock  bottom  is  over  184  feet  below  sea  level. 

From  these  facts  it  may  be  concluded  that  when  the  trunk  glacier  of  the  Copper 
River  canyon  retreated  it  had  deepened  this  flaring  embayment  so  that  the  lower 
fifteen  miles  or  so  were  below  sea  level.  That  the  ice  did  not  halt  long  enough  to  fill 
this  embayment  at  once  is  suggested  by  the  absence  of  recessional  moraines.  That  the 
ocean  then  extended  up  to  or  above  present  sea  level  is  shown  by  the  presence  of  wave- 
cut  forms,  like  the  stacks  at  and  west  of  Alaganik.  If  the  water  extended  inland  to  the 
stacks  at  Alaganik  it  must  have  also  filled  the  Copper  River  fiord,  at  least  as  far  north 
as  Miles  and  Childs  Glaciers. 

The  flaring  form  of  the  valley  walls  indicate  that  this  former  fiord  had  outlines  sim- 
ilar to  Orca  Inlet,  Sheep  Bay,  Port  Gravina  and  several  other  fiords  to  the  west,  which 
would  be  readily  transformed  to  filled  fiords  exactly  like  the  mouth  of  Copper  River 
canyon  if  great  glacial  streams  flowed  into  their  upper  portions. 

Ttie  Copper  River  Delta.  The  Copper  River  has  not  only  completely  filled  this  former 
fiord,  but  it  has  built  a  delta  (PI.  XCIII)  which  extends  about  12  miles  out  into  the 
sea  south  of  Flag  Point  and  shallows  the  Pacific  Ocean  for  twenty  miles  more.  This 
delta  coalesces  with  the  alluvial  fans  of  Sheridan,  Scott,  and  adjacent  glaciers,  on  the 
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west  and  the  outwash  plain  of  Martin  River  Glacier  on  the  east.  The  Copper  River 
delta  merges  so  imperceptibly  with  the  outwash  gravels  which  fill  the  former  Copper 
River  fiord  that  it  is  best  thought  of  as  heading  at  Childs  and  Miles  Glaciers,  espe- 
cially because  just  below  Goodwin  Glacier  the  Copper  River  branches  into  a  series  of 
distributaries. 

Details  Regarding  the  Glacial  Streams  on  the  Delta.  At  present  the  Copper  River  dis- 
tributaries occupy  the  western  half  of  the  delta  and  the  Martin  River  distributaries 
the  eastern  half.  The  largest  of  the  Copper  River  channels  follows  the  extreme  western 
side  of  the  valley  and  at  the  lower  bridges  on  the  Copper  River  and  Northwestern  Rail- 
way there  are  smaller  branches  east  of  Long  Island,  the  chief  one  called  Hotcake  Channel; 
and  two  main  streams  west  of  Long  Island,  separated  by  Round  Island.  We  shall 
call  the  westernmost  and  largest  of  these  the  Flag  Point  Channel  and  the  smaller  or 
eastern  distributary,  between  Round  and  Long  Islands,  the  Long  Island  Channel. 
Round  and  Long  Islands  each  rise  80  to  60  feet  above  sea  level,  or  12  to  48  feet  above  all 
stages  of  water,  and  there  are  numerous  sand  bars  at  their  borders  at  the  lower  stages 
of  the  river. 

The  combined  width  of  these  three  chief  distributaries  of  Copper  River  is  4445  feet, 
in  contrast  with  a  width  of  1500  feet  in  the  single  channel  of  the  undivided  river  at 
Miles  Glacier  bridge,  where  the  depth  is  not  much  greater  but  the  velocity  is  several 
times  that  at  Flag  Point  Channel.  The  relationships  of  width  and  depth  and  velocity 
are  shown  below,  the  total  volume  of  the  river  having  increased  slightly  below  the  Miles 
Glacier  bridge  by  receiving  water  from  the  Childs,  Groodwin,  and  smaller  gladers.  In 
this  table  high  water  widths  and  depths  are  used,  but  the  velocities  are  determined  at 
various  stages  of  river  and  are  not  so  directly  comparable. 

Table  Showino  Widths,  Depths,  and  Velocities  of  Coppbb  River  on  Its  Delta 


Name  of  Channel 

Width  of  River 
in  Feet 

Depth  of  River 
in  Feet 

Velocity  in  Miles 
per  Hour 

Miles  Glacier  Bridge 
Flag  Point  Channel 
Round  Island  Channel 
Hotcake  Channel 

1500 

8200 

525 

720 

88  to  40 

6  to  29 

89 

18 

6  to  12 

2.8to8.6 

8.2to8.4 

It  may  be  of  interest  to  compare  and  contrast  the  conditions  at  the  head  of  the  Copper 
River  delta,  where  the  river  is  in  a  single  channel,  with  those  at  the  three  distributaries 
to  the  south.  For  this  purpose  data  must  be  taken  from  (a)  the  channel  at  Miles  Glacier 
Bridge  and  (b)  at  a  point  just  south  of  Childs  Glacier. 

At  Miles  Glacier  bridge,  where  there  is  a  1550  foot  steel  bridge,  the  river  level  varies 
from  116  to  140  feet  above  mean  low  tide  at  sea  level,  giving  a  vertical  annual  range  of 
24  feet*  The  channel  is  8  to  16  feet  deep  at  low  water,  when  it  is  divided  by  a  great 
gravel  bar.    At  low  water  the  velocity  of  the  current  is  8  to  8.8  miles  an  hour,  but  even 
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with  the  water  at  an  elevation  cxf  1S2.8  feet,  or  nearly  8  feet  below  the  high  water  stage 
the  velocity  is  12.8  miles  an  hour. 

The  speed  of  the  current  increases  rapidly  at  this  bridge,  where  the  water  is  coming^ 
out  of  the  Miles  Lake  and  starting  down  the  rapids  in  front  of  Childs  Glacier.  At  low 
water,  for  example,  the  velocity  of  1.6  miles  an  hour  about  1600  feet  above  the  bridge 
increases  to  1.7  miles  in  the  first  500  feet,  to  2.8  miles  in  the  next  500  feet  and  to  8  miles 
an  hour  in  the  next  700  feet.  At  a  medium  stage  of  water  the  velocity  increases  from 
8.7  miles  an  hour  above  the  bridge  to  6.1  miles  an  hour  800  feet  down-stream  below  the 
bridge.  A  long  series  of  velocity  determinations  were  made  by  the  railway  engineers  in 
the  summer  of  1908,  by  watching  with  two  transits  the  rate  of  flow  of  icebergs  in  different 
parts  of  the  river.  These  show  that  at  a  middle  stage  of  the  river  the  average  velocity 
at  this  point  is  6.8  miles  an  hour.  By  measuring  the  cross-section  of  the  channel  and 
the  velocity  of  the  current  at  various  stages  of  water  it  is  possible  to  compute  the  number 
of  cubic  feet  of  water  which  pass  this  bridge  in  a  second.  At  high  water  this  exceeds 
800,000  cubic  feet  per  second,  equalling  the  summer  volume  of  Mississippi  River  at 
New  Orleans.    At  low  water  it  falls  below  50,000  cubic  feet  per  second. 

Detailed  observations  show  that  the  river  is  highest  in  summer,  when  melting  ot 
the  glacier  ice  is  the  greatest,  and  lowest  in  winter,  when  river  ice  generally  covers  the 
river  from  November  to  the  last  of  May,  or  first  of  June. 

At  the  site  just  south  of  Childs  Glacier,  where  the  building  of  a  railway  bridge  was 
once  considered,  the  channel  is  wider  and  shallower  than  at  Miles  Glacier  Bridge.  It 
was  markedly  shallowed  by  deposition  between  1906  and  1908. 

The  river  descends  between  40  and  50  feet  in  the  8  miles  of  rapids  from  Miles  Lake 
to  the  southern  edge  of  Childs  Glacier,  a  grade  of  about  15  feet  to  the  mile.  The  grade 
is  much  flatter  from  this  point  to  the  bridge  at  Flag  Point,  averaging  less  than  4  feet  to 
the  mile. 

The  Flag  Point  crossing  consists  of  a  700  foot  and  a  600  foot  steel  bridge  west  of 
Round  Island,  and  two  intermediate  stretches  of  heavy  trestles,  crossing  the  sand  bars 
which  are  exposed  when  the  river  is  low.  The  river  level  at  the  Flag  Point  bridges 
varies  from  10.25  to  18  feet  above  mean  low  tide  at  sea  level,  so  that  there  is  a  vertical 
annual  range  of  eight  feet  in  the  river  level  in  the  portion  of  these  channels  near  the 
Flag  Point  bridges.  Here  detailed  soundings  and  determinations  of  rate  of  stream 
flow  were  made  in  1910  by  A.  O.  Johnson,  one  of  the  railway  engineers. 

The  velocity  of  the  current  in  the  Flag  Point  Channel  was  8.4  to  8.6  miles  an  hour 
in  August,  1910.  Here  the  low  water  channel  is  narrowed  to  600  feet,  with  an  increase 
in  velocity  due  to  constriction,  for  the  water  only  moves  2.3  miles  an  hour  north  of  the 
bridge  where  the  channel  is  twice  as  wide.  The  depth  of  the  river  at  low  water  is  eight 
to  twenty  feet,  and  portions  of  the  channel  were  deepened  from  seven  to  eighteen  feet, 
while  other  portions  were  shallowed  slightly  by  deposition  between  August,  1908,  and 
July,  1910,  showing  how  rapidly  the  channels  of  a  great  glacial  stream,  heavily  laden 
with  sediment,  may  vary.  This  may  be  due  in  slight  amount  to  the  interference  with 
normal  conditions  by  the  piers  of  the  bridge,  but  doubtless  it  mainly  represents  the 
variations  in  the  bottom  profile  of  a  glacial  stream,  for  the  sections  between  bridges 
were  also  markedly  deepened  between  1908  and  1910. 

The  Round  IsU^d  Channel  is  crossed  by  a  560  foot  steel  bridge.  Here  the  velocity 
varies  from  2.8  to  8.4  miles  an  hour,  the  depth  from  2  to  80.9  feet  below  low  water. 
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and  the  channel  was  deepened  12  feet  in  some  portions  and  filled  12  feet  in  others  be- 
tween August,  1908,  and  August,  1910,  in  this  case  clearly  as  a  result  of  interference 
with  the  current  by  the  piers  of  the  bridge. 

Six  miles  farther  to  the  northeast  where  the  railway  crosses  the  eastern  distributary 
of  Copper  River  from  Long  Island  to  the  eastern  bank,  there  is  a  main  stream,  Hotcake 
Channel,  and  several  minor  ones.  Hotcake  Channel  is  crossed  by  a  200  and  a  400 
foot  steel  bridge  and  an  intermediate  trestle.  This  channel,  15  miles  from  the  ocean, 
is  from  1  to  8  feet  deep  at  low  water,  the  low  water  stage  being  81  feet  above  mean  low 
tide  at  sea  level  and  the  range  of  river  level  being  about  7  feet. 

Throughout  this  portion  of  the  Copper  River  delta  the  detailed  soundings  afford 
an  especially  good  opportunity  of  watching  the  future  variations  of  a  glacial  stream, 
the  shifting  of  sand  bars  as  revealed  at  low  water,  and  the  cutting  and  filling  in 
various  parts  of  the  channels,  as  they  may  be  revealed  by  soundings  near  the  railway 
bridges. 

Coarse  Deponts  of  the  Glacial  Streams  on  the  Delia.  The  surface  material  in  the  out- 
wash  deposits  of  Copper  River  delta  has  already  been  spoken  of  as  gravel,  sand,  and 
silt  or  clay.  The  same  materiab  are  found  for  a  considerable  depth  below  the  surface. 
At  the  Miles  Glacier  bridge,  for  example,  the  river  is  in  a  50  foot  gorge  and  borings 
extend  to  a  depth  of  40  to  50  feet  below  the  bed  of  the  Copper  River,  revealing  such  a 
section  as  the  following,  in  which  the  exposed  cliff  on  the  south  bank  of  the  Copper  River 
supplies  the  upper  56  feet  and  the  sinking  of  the  caisson  for  Pier  2  of  the  railway  bridge 
the  remainder. 

Section  of  Coarse  Glacial  Outwash  Deposits  at  Miles  Glacier  Bridge 


Material 

Thickness  in  Feet 

Bowlders,  gravel  and  sand  * 

Large  bowlders 

Large  bowlders,  lying  in  cemented  sand,  gravel  and  silt 

liarge  bowlders  in  loose  sand  and  gravel 

Occasional  bowlders  in  loose  sand  and  gravel 

Bowlders  in  loose  sand  and  gravel 

Coarse,  heavy  sand  and  gravel 

Compact  sand  and  gravel,  growing  more  compact  at  bottom 

56 

8 

11 

4 
8 

8 
0 

Total  thickness  revealed 

88 

Borings  below  the  bottom  of  the  river  at  the  railway  bridge  across  the  Flag  Point 
Channel  reveal  the  following  sections,  all  thicknesses  being  given  in  feet.  All  these  de- 
posits except  the  first  in  the  left-hand  column  (sand  and  gravel,  18  feet)  are  below 

« 

the  high  water  surface  of  the  river. 

1  From  the  surface  of  the  plain  of  outwash  gravels  at  Miles  Glacier  railway  station  to  the  surface  of  the 
gravd  bar  in  the  middle  of  Copper  River. 
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Sbctionb  of  Fini:  Glacial  Ootwash  Deposits  at  Westebn  Bbidoe  acboss  Flag 

Point  Channel 


Malericd 

Thickness 

Material 

Thickness 

Material 

Thickness 

Sand  and  gravel 

18 

Sand 

4 

Sand  and  gravel 

4 

Unrecorded 

6 

Fine  sand 

6i 

Glacial  mud 

4 

Glacial  mud 

7 

(Sea  level) 

(Sea  level) 

(Sea  level) 

Pine  gravel 

7 

Fine  sand 

15 

Fine  sand  and 
gravel 

18* 

Coarse  gravel 

17 

Sand  and  gravel 

18 

Coarse  sand  and 
gravel 

16 

SiU  and  vegetation 

18 

Gravel 

11 

SiU  and  vege- 
tation 

8 

Gravel 

2 

Sand  and 
gravel 

2 

Sand 

12 

• 

The  first  point  concerning  these  sections  is  that  they  show  moderate-sized  material, 
compared  with  the  bowldery  outwash»  shown  in  the  section  (p.  461),  20  miles  to  the 
north  at  Miles  Glacier  bridge. 

The  three  sections  given  above  are  250  to  850  feet  apart  and  the  lack  of  correspondence 
of  the  sand  or  gravel  layers  shows  the  normal  horizontal  variation  common  to  river 
deposits. 

Eight  other  borings  between  this  point  and  Long  Island  show  similar  relationships 
and  variations,  which  indicate  that,  in  the  past,  there  have  been  the  usual  differences 
in  velocity  and  carrying  power  of  this  glacial  stream,  which  alternates  in  depositing 
sand,,  gravel  and  silt.  These  borings  go  50  to  60  feet  below  sea  level,  but  the  total  thick- 
ness of  the  glacial  deposits  of  the  Copper  River  delta  is  quite  unknown.  Six  miles  farther 
northeast  at  Hotcake  Channel  the  borings  show  similar  gravel  and  sand,  eslending  below 
sea  level. 

Vegetation  Indicating  Sinking  of  the  Land.  The  presence  of  vegetation  in  the  silt 
at  a  depth  of  20  to  40  feet  below  sea  level  in  two  of  these  borings  shown  in  the  table 
and  in  two  others  to  the  eastward  shows  that  the  Copper  River  delta  has  been  subjected 
to  a  submergence  in  recent  times,  as  is  the  case  in  parts  of  Prince  William  Sound  to  the 
westward,  as  well  as  30  miles  east  near  Controller  Bay. 

In  the  latter  locality  E.  C.  Hawkins  states  that  in  putting  down  borings,  to  see  if  it 
was  possible  to  support  a  railway  trestle  on  piles  in  the  shallow  Bering  Lake,  a  layer 
of  peat  was  encoimtered  30  feet  below  the  surface.  As  the  tide  now  rises  into  this  lake 
the  depth  of  this  peat  layer  below  sea  level  is  about  the  same  as  on  the  Copper  River 
delta. 
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Unfortunately  the  nature  of  the  buried  vegetation  in  the  borings  at  Flag  Point  is 
not  specified  further,  but,  whether  the  vegetation  was  peat  from  a  salt  marsh  or  fresh- 
water marsh,  or  stranded  tree  trunks,  it  is  clear  proof  of  sinking  of  the  land.  It  is  incon- 
ceivable that  water-lodged  trees,  for  example,  should  happen  to  be  buried  in  one  layer 
that  is  now  30  or  40  feet  below  sea  level  in  all  four  of  the  sections  and  that  elsewhere 
in  the  deposits  there  should  be  none. 

This  proof  that  the  last  movement  of  this  coast  line  was  downward  is  of  much  interest 
because  there  has  also  been  post-glacial  uplift  of  this  same  coast,  shown  on  Wingham 
Island  forty  miles  to  the  southeast,  where  there  are  uplifted  silts  containing  striated, 
glacial  pebbles  and  marine  fossils.  ^ 

Extent  of  Oviwash  Deposits.  The  deposits  of  outwash  laid  down  by  glacial  streams 
on  the  Copper  River  delta  itself,  on  the  valley  train  of  Martin  River  Glacier,  and  on 
the  outwash  plain  of  Sheridan  and  Scott  Glaciers  form  an  area  of  approximately  500 
square  miles.  They  vary  in  character  from  bowldery  conglomerates  and  coarse  gravels 
at  the  head  of  the  delta  near  Childs  and  Miles  Glaciers  to  fine  sand,  silt,  mud,  and  clay 
in  the  outer  Copper  River  delta.  They  vary  also  in  shape,  the  upper  portion  of  the 
Copper  and  Martin  River  deposits  forming  a  smooth  outwash  plain,  the  lower  deposits 
of  the  same  rivers  forming  a  smooth  delta,  while  the  outwash  gravels  of  the  Sheridan, 
Scott  and  adjacent  glaciers  form  an  outwash  apron  of  coalescing  alluvial  fans. 

Valley  Train  of  Martin  River.  The  outwash  deposits  of  the  Martin  River  Glacier 
west  of  the  terminus  of  that  glacier,  have  a  length  of  10  miles  and  a  width  of  from  3) 
to  5  miles  up  to  the  point  where  they  join  the  outwash  deposits  of  Copper  River  valley. 
They  Are  densely  forested,  where  stream  deposition  is  no  longer  going  on,  but  barren  along 
the  present  streams.  The  course  of  the  Martin  River,  which,  in  1905,  emerged  from  the 
glacier  near  the  northern  side,  joined  by  braided  streams  from  a  small  cascading  glacier, 
curves  southward  across  the  whole  valley,  because  of  the  presence  of  a  recessional  mt>raine 
three  miles  west  of  the  present  terminus  of  the  glacier,  which  interrupts  the  even  slope 
of  the  outwash  gravels.  The  present  position  of  Martin  River,  close  to  the  southern 
side  of  its  valley,  has  resulted  in  the  building  up  of  the  valley  train  higher  than  the  mouths 
of  five  or  more  tributary  valleys,  in  each  of  which  the  water  is  ponded  back,  forming 
good-sized  lakes  which  have  been  described  by  G.  C.  Martin.' 

AUuvial  Slope  of  the  Western  Edge  of  the  Delta.  The  outwash  deposits  of  Sheridan 
and  Scott  Glaciers  form  a  confluent  outwash  plain  with  so  even  a  slope  that  the  Copper 
River  and  Northwestern  Railway  has  been  built  across  it  with  a  perfectly  straight 
stretch  of  track  for  over  eleven  miles.  The  surface  rises  and  falls,  however,  in  a  series 
of  broad,  low,  alluvial  fans,  but  the  track  is  built  over  the  undulating  surface  without 
much  grading.  Along  the  line  of  the  railway  the  highest  point  is  49  feet  above  sea  level, 
and  the  lowest  point  15  feet,  so  that  the  maximum  relief  is  34  feet.  These  fans  are 
highest  near  the  present  streams,  or  the  places  where  large  streams  formerly  flowed  for 
a  long  time,  the  differences  in  level  between  the  axis  of  an  individual  alluvial  fan  and 
the  depression  on  one  side  being  34  feet  in  2  miles,  11  feet  in  1  mile,  etc.,  according 
to  the  line  of  the  section  with  reference  to  the  head  of  the  fan. 

There  are  five  main  alluvial  fans  on  the  outwash  gravel  plain  of  the  Sheridan  and 

>  Martin,  G.  C.  Bull.  835,  U.  S.  Geol.  Surv^,  1008,  pp.  46,  64. 

>  Bun.  8S5.  U.  S.  Geol.  Survey,  1908.  p.  56. 
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Scott  Glaciers  whose  relationships,  where  crossed  by  the  railway,  are  shown  in  the 
following  table.  This  table  shows  clearly  that  the  glacial  streams  abandon  the  higher 
points  of  their  alluvial  fans  when  they  are  built  to  a  certain  height,  for  at  the  time  this 
railway  leveling  was  done  only  one  of  the  five  fans  had  a  stream  upon  its  crest  and  that 
was  a  very  small  one. 

Table  Showing  a  Cross-Section  of  Alluvial  Fans  West  of  Coppeb  River  Delta 


Position 

Elevation 

Position 

Distance 

Ascent  or  De- 

in Feet 

on  Fan 

in  Miles 

scent  in  Feet 

Eastern  alluvial  fan 

R&st  Sheridan  stream 

15 

— 

Small  stream  at  Mile  Post  17 

49 

Crest 

2 

+84 

Near  Mile  Post  15 

32.9 

2 

-16 

Second  alluvial  fan 

Near  Mile  Post  14 

43.9 

Crest 

1 

+11 

Main  Sheridan  Stream 

32.9 

-11 

Near  Mile  Post  18 

31.5 

-li 

Third  alluvial  fan 

In  Mile  12 

42 

Crest 

+ioi 

Near  Mile  Post  11 

28 

1} 

-14 

Fourth  alluvial  fan 

Near  Mile  Post  10 

V^5 

Crest 

+7 

Main  Scott  Stream 

16 

li 

-19 

Fifth  alluvial  fan 

Middle  of  Mile  7 

20 

Crest 

+4 

At  Mile  Post  7 

15 

-5 

Middle  of  Mile  6 

12.3 

-2i 

Outlet  of  Eyak  TaIcp 

19.7 

+7i 

This  outwash  gravel  plain  grades  to  fresh  marsh,  then  to  salt  marsh,  but  in  the  area 
between  the  Copper  River  and  the  Sheridan  Glacier  streams  the  salt  marsh  extends  up 
to  the  mountain  base. 

Relation  of  Outwash  Deposits  to  Maintenance  of  the  Railway.  Two  points  stand  out 
in  connection  with  the  building  of  the  Copper  Biver  and  Northwestern  Railway  on  the 
Copper  River  delta.  One  is  the  ease  of  original  construction  upon  these  smooth  alluvial 
fans,  delta  plain,  and  valley  train,  aside  from  the  necessary  filling  in  swamps  and  on 
quicksands.    The  other  is  the  threat  of  expense  of  maintenance  of  the  railway. 

The  danger  that  the  Sheridan  Glacier  might  advance  two  and  one-half  miles  and 
destroy  the  railway  now  seems  practically  negligible,  but  the  danger  that  it  may  advance 
slightly  and  that  the  streams  from  it  may  shift  and  necessitate  new  trestles  or  may  bury 
the  track  in  places,  as  at  Spencer  Glacier  on  the  Alaska  Northern  Railway,^  is  an  immi- 

>TaiT,  R.  S.  and  Martin,  Lawrence,  An  Experiment  in  Controlling  a  Giadal  Stream,  Annals  Anoc 
Amer.  Geographers,  Vol.  II,  1912,  pp.  25-40. 
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Map  of  the  Broad  Middle  Portion  of  the  Copper  IttvER  Ca-vtos 
Between  Tasnuna  River  and  Allen  Glacier.   (After  U.  5.  Geulugical  Sun'ey.)    Hanging  valleys  sbuirn  by  letter  h. 
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>iulh(TD  tcniiimil  nmniinc  in  the  background. 
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A.    View  in  the  Broader  Middle  Portion  op  the  Copper  River  Cakton 
Upper  limit  of  gUdBtka  near  a,  a.  below  which  theslopea  are  smoothed  by  glacial  erosion.  Photograph  by  E.  A. H^g. 


B.    The  Copper  Rheh  ix  Its  Mahginal  Thannel 

Precipitous  enstern  wall  of  i.'anyon  on  teft  nncl  Allen  Glacier  on  rigbt. 
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nent  one.  Some  measure  of  amiual  expense  for  new  trestles  and  for  raising  the  grade 
is  to  be  looked  for,  even  if  the  adjacent  glaciers  remain  stationary  or  retreat  slowly. 

The  second  threat  of  extra  expense  of  maintenance  comes  from  the  Copper  River  be- 
tween the  Flag  Point  and  Hotcake  Channels.  There  have  been  changes  in  the  stream  bed 
in  even  the  short  time  since  the  bridges  were  built.  While  the  steel  spans  were  being 
erected  the  temporary  trestles  beside  them  constantly  had  to  have  new  piles  driven, 
because  the  ciurent  had  undermined  them.  The  steel  bridges,  built  on  concrete  piers, 
seem  safe,  though  not  as  safe  as  if  it  had  been  possible  to  erect  the  piers  upon  solid  rock, 
rather  than  upon  piling.  The  chief  danger  alluded  to,  however,  is  not  that  of  undercutting 
by  erosion,  but  of  stream  deposition.  Unless  artificially  confined,  the  time  will  come 
when  the  several,  heavily-loaded.  Copper  River  distributaries  will  shift  out  of  their  pres- 
ent channels  as  they  are  silted  up,  leaving  the  expensive  steel  bridges  high  and  dry,  and 
necessitating  new  bridges  wherever  the  new  channels  establish  themselves.  The  rail- 
way engineers  have  to  deal  with  what  is  to  them  a  new  type  of  stream  and  even  the 
experience  in  attempting  to  control  the  lower  Mississippi  and  in  correcting  small  glacial 
streams  in  the  Alps  will  fail  to  furnish  adequate  data  as  to  what  a  source  of  trouble 
and  expense  a  glacial  stream  may  be  to  a  railway  and  how  it  may  best  be  coped  with. 

Fine  Glacial  Deposits  of  the  Outer  Edge  of  the  Delta,  We  lack  detailed  information 
regarding  the  nature  of  the  Copper  River  distributaries  between  the  railway  bridges 
and  the  sea.  It  is  thought,  however,  that  the  grade  continues  to  flatten,  resulting  in 
the  deposition  of  the  coarser  silt  carried  in  suspension  by  the  river  and  causing  the  even 
shallower  channels  and  tidal  sloughs  south  of  Flag  Point,  where  the  river  is  navigable 
only  by  small  boats. 

The  bottom  of  Copper  River  is  from  10  to  20  feet  below  sea  level  at  the  Flag  Point 
and  Roimd  Island  Channels,  though  slightly  beyond  the  range  of  the  tides  and  over 
twelve  miles  from  the  ocean. 

Upon  the  edge  of  the  Copper  River  delta  the  Coast  Survey  charts^  show  a  horizontal 
range  of  the  tide  of  several  miles.  0£Fshore  from  the  Scott  and  Sheridan  Glaciers, 
for  example,  continuous  tide  flats  are  exposed  for  distances  of  from  5  to  7)  miles  at 
mean  lower  low  water.  The  vertical  range  of  the  tide  is  only  ten  feet,  showing  that 
the  slope  is  very  slight  indeed.  Crossing  these  tide  flats  are  small  channels  or 
sloughs,  navigable  only  by  laimches.  More  than  two  miles  from  shore  at  the  eastern 
edge  of  the  delta,  near  the  mouth  of  Martin  River,  there  is  a  depth  of  only  1)  to  3  feet 
at  mean  lower  low  water.  Opposite  the  middle  of  Copper  River  delta  there  are  depths 
of  only  54  to  10£  feet  nearly  nine  miles  offshore,  beyond  which  the  water  deepens  to 
414  feet  in  less  than  two  miles.  The  bottom  material  is  sticky  mud,  and  the  Pacific 
Ocean  is  discolored  for  over  twenty  miles  offshore  by  the  glacial  silt  in  suspension,  part 
of  which  goes  westward  and  has  helped  fill  Orca  Inlet.  The  nature  of  the  fine  glacial 
sediment  deposited  on  the  outer  part  of  the  delta  and  exposed  on  the  mud  flats  at  low 
tide  is  well  indicated  by  Seton  Karr,'  who  tells  of  his  experience  in  crossing  the  border 
of  the  delta  in  1886  in  a  canoe  with  several  natives.  They  were  traveling  inside  a  line  of 
sandy  islands,  which  furnished  protection  from  the  waves  of  the  Pacific,  and  when  the 
tide  was  too  low  to  float  the  canoe  any  longer  they  were  able  to  continue  by  sliding 
it  over  the  slippery  surface  of  the  tide  flats,  continuing  to  sit  in  the  canoe  and  push  it 

>  U.  S.  Coast  and  Geod.  Survey,  Charts  S50i,  8580,  and  851S. 
*  Seton  Karr,  H.  W..  Shores  and  Alps  of  Alaska,  London,  1887,  pp.  167-168,  171. 
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along  with  the  paddles  while  a  little  water  remained  and,  after  that,  draggiiig  it  easi^ 
over  the  bare»  slippery  surface  of  the  fine  glacial  sediment. 

Wwd-BUncn  Glacial  Deposits  on  the  Delia.      In  a  number  of  places  sand  dunes  rise 
above  the  Copper  River  delta  to  a  considerable  height.    The  material  is  sand  lorvae^ 
carried  out  by  glacial  streams.    There  are  large  sand  dunes  80  to  40  feet  high  oo  LoQg 
Island,  just  east  of  the  Round  Island  Channel,  which  necessitate  sand  sheds  along  the 
railway.    There  is  another  large  area  of  sand  dunes  in  the  150  foot  hill  visible  to  the 
south  of  Long  Island.    There  are  also  sand  dunes  east  of  Hotcake  Channel,  as  well  as 
on  Egg  Islands  and  other  sand  bars  to  the  eastward.    The  latter  have  been  built  up  by 
the  surf  in  the  shallow  water  o£P  the  delta  front.    From  Softuk  Bar,  near  Katalla,  to 
the  mouth  of  Orca  Inlet,  these  sandbars  form  an  incon^>lete  barrier  5  to  80  feet  high 
and  4  to  7  miles  off  the  front  of  the  Copper  River  delta.    While  most  of  this  sand  comes 
from  the  Copper  River  and  adjacent  streams,  some  is  doubtless  supplied  by  the  ^- 
cial  streams  from  the  Bering  Glacier  in  Controller  Bay  and  is  moved  along  ahcxe  by 
the  westward-setting  currents. 

Although  a  normal  delta  in  many  respects,  and  with  normal  deposition  by  water, 
modified  by  the  rise  and  fall  of  the  tide,  by  alongshore  currents,  and  by  wind  work, 
the  Copper  River  delta  is  conspicuous  as  the  terminus  of  a  great  area  of  outwash  d^>osits, 
brought  by  the  great  volume  of  sediments  from  the  present-day  and  fornix  ^acaers  of 
this  region. 

Ths  Driftless  Area  Near  Alaganik,  An  unforeseen  feature  in  connection  with  the 
former  expansion  of  the  glaciers  near  the  Copper  River  delta  and  the  erosion  accom- 
plished by  them,  is  the  absence  of  any  indication  of  glaciation  along  parts  of  the  moun- 
tain front  between  Sheridan  Glacier  and  the  Copper  River.  At  several  points  along  the 
railway,  as  near  Alaganik,  there  are  rock  pinnacles  standing  out  from  the  mountain 
front  and  resembling  stacks  along  a  sea  s^ore.  Such  forms  as  these  are  easily  overturned 
by  a  glacier,  and  it  seems  quite  probable  that  they  are  stacks  produced  by  the  waves  at 
the  Pacific  before  the  Copper  River  delta  was  built.  They  cannot  be  considered  shore 
forms  produced  after  the  retreat  of  the  glacier,  for  there  is  no  explanation  of  the  failure 
of  the  waves  to  remove  the  evidences  of  glaciation  at  other  points  on  the  coast  and 
higher  above  sea  level  than  this. 

The  conditions  in  the  glaciated  areas  adjacent  to  the  driftless  region  are  unmistakable. 
That  the  ice  expanded  for  some  distance  outside  the  mountain  front  in  the  region  west 
of  this  driftless  area  is  shown  by  the  fact  that  the  lower  rock  ledges  in  the  vicinity  of 
Sheridan  Glacier  bear  striae,  and  there  are  many  roches  moutonn6e  rocks,  like  the  one 
at  the  front  of  Sheridan  Glacier:  there  are  extensive  cirques  in  the  mountains  west  of 
Scott  Glacier,  where  there  is  a  hanging  valley  half  way  between  Scott  Glacier  and  the 
railway;  the  valley  containing  Eyak  Lake,  between  Scott  Glacier  and  Cordova,  was 
much  deepened  and  had  its  lower  slopes  steepened  by  the  expanded  southern  tongue 
of  Shephard  Glacier,  which  filled  the  whole  valley  of  Eyak  Lake;  along  the  railway, 
striae  on  the  rocky  spur  projecting  into  Eyak  Lake  from  the  south  show  that  the  ice 
tongue  split  on  this  point,  sending  one  glacial  distributary  southwestward  past  Cordova, 
and  the  other  southeastward  to  join  the  expanded  Scott  Glacier.  All  of  the  glacial 
drift  between  Eyak  Lake  and  the  driftless  area  at  Alaganik  is  outwash,  except  for  the 
eastern  terminal  moraine  of  Sheridan  Glacier  which  contains  till  and  abundant  granite 
bowlders. 
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East  of  the  driftless  area  the  conditions  are  likewise  unmistakable.  The  oversteep- 
ened  western  wall  of  the  former  Copper  River  fiord  between  Fickett  Glacier  and  Flag 
Point  shows  that  the  trunk  glacier  of  the  Copper  River  valley  extended  south  of  Flag 
Point.  Saddlebag  Glacier  valley  also  shows  unmistakable  evidence  of  former  expansion 
as  does  the  valley  of  Salmon  Creek  and  McKinley  Lake. 

Between  these  regions  is  one  where  absence  of  striae  on  the  rock  ledges  and  of  erratics 
in  the  soil  seems  to  point  to  absence  of  invasion  by  glacial  ice.  The  incoherent  material 
forming  the  flat  floor  of  the  region  is  all  fine  silt.  The  new  railway  cuts  afford  ample 
opportunity  to  find  foreign  bowlders,  but  none  were  foimd.  The  western  boimdary  of 
the  driftless  area  is  well-defined.  On  the  railway  it  is  almost  eight  miles  west  of  the 
Copper  River,  where  a  well  marked  terminal  moraine  of  Sheridan  Glacier  crosses  the 
track,  625  feet  east  of  Mile  Post  19.  The  eastern  boimdary  is  less  certain.  No  signs 
of  glaciation  are  visible  along  the  railway  in  the  eight  miles  eastward  to  Flag  Point, 
and  it  is  uncertain  how  far  outside  the  mountain  front  the  Saddlebag  and  McKinley 
Lake  Glaciers  expanded. 

The  cause  of  this  driftless  area  was  that  the  expanded  Scott  and  Sberidan  Glaciers, 
which  apparently  united  to  form  a  piedmont  ice  tongue,  probably  extended  southward 
far  enough  to  coalesce  with  the  trunk  glacier  from  the  Copper  River  canyon.  In  the 
angle  between  these  glaciers  and  the  mountain  front  there  is  a  small  driftless  area,  not 
overridden  by  the  maximum  glacial  advance. 

Vegetation  and  the  Former  Advance  of  Glaciers  in  the  Copper  River  Canyon.  Besides 
the  interesting  relationships  of  trees  and  shrubs  growing  upon  the  dirt-covered  ice  of 
Miles,  Grinnell,  Allen,  Heney,  and  several  other  glaciers,  as  already  described,  the  vege- 
tation in  the  Copper  River  region  tells  a  specific  story  of  its  recent  glacial  history.  The 
Copper  River  delta  and  the  southern  part  of  the  canyon  support  a  dense  coniferous 
forest,  except  where  treelessness  is  caused  (a)  by  ocean  water  on  the  tide  flats  and  salt 
marshes,  or  (b)  by  aggrading  glacial  streams  on  the  outwash  gravel  plains.  The  spruces 
are  abundant  from  the  ocean  up  to  McPherson  Glacier,  but  not  north  of  there,  though 
there  is  a  thick  forest  of  cottonwoods  and  alders,  and  one  baby  spruce  was  seen  near 
Miles  Glacier  bridge.  From  this  point  northward  no  conifers  were  observed  in  the 
Copper  River  canyon  south  of  the  Tasnuna  and  Bremner  Rivers.  North  of  Tasnuna 
River,  however,  there  are  spruces  along  the  canyon  bottom  and  its  lower  slopes,  but  in 
the  Copper  River  basin  north  of  Wood  Canyon  and  near  Chitina  there  is  thick,  mature, 
spruce  forest. 

The  distribution  of  vegetation,  therefore,  shows  a  practical  absence  of  spruces  and 
hemlocks  for  nearly  40  miles  along  the  Copper  River,  while  at  either  end  there  is  dense, 
mature,  coniferous  forest.  The  40  mile  strip  which  has  no  conifers  is  not  barren,  but 
is  thickly  covered  with  cottonwood  and  alder,  wherever  the  slopes,  the  glaciers,  and  the 
glacial  streams  permit.  Throughout  the  region  the  vegetation  is  terminated  upward  by 
a  normal  timberline. 

To  account  for  this  distribution  we  postulate  a  recent  period  of  expansion  of  the 
glaciers  between  Tasnuna  River  and  McPherson  Glacier.  The  retreat  from  this  ex- 
panded stage  was  long  enough  ago  for  occupation  of  the  40  mile  strip  by  alders  and 
cottonwoods  and  for  a  commencement  of  occupation  by  the  conifers,  as  in  the  case  of 
the  young  spruce  near  Miles  Glacier  bridge. 
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Mr.  W.  6.  Wei^  of  the  U.  S.  Forest  Service  has  stated'that  ''the  absence  of  timber 
throughout  upper  Glacier  Bay  near  the  Muir  Glacier  and  in  many  other  fdaoes  in  sootli- 
east  Alaska  is  so  evidently  the  result  of  recent  glaciation  that  I  have  been  prone  to  attrib- 
ute the  absence  of  timber  on  the  Copper  Biver  to  the  same  cause,  yet  there  nmy  be 
other  causes.  One  possible  cause  of  this  absence  of  timber  worthy  of  consideration  is 
that  the  spruce  found  near  the  mouth  of  the  Copper  River  is  tideland  spmoe  {Pieea 
siichenns)  and  is  only  found  near  tidewater  where  there  is  a  heavy  rainfalL  The  8i»uoe 
found  on  the  Bremner,  Tasnuna,  Chitina  and  other  portions  of  the  u|^)erC<q[)per  River 
basin  is  known  as  white  spruce  (Ptcea  canadensis)  whidi  is  one  ol  the  graces  fomid 
throughout  the  interior  and  other  portions  of  Alaska  but  is  not  foun4  in  the  ezoessivdly 
wet  belt  along  the  coast  from  Seward  south.  Another  condition  which  may  lai]ge|y  be 
responsible  for  the  absence  of  timber  in  this  region  is  that  the  Childs,  Miles  and  AUen 
Glaciers  even  yet  form  a  great  barrier  between  the  timbered  regions  of  the  u^ier  and 
lower  Copper  River  and  the  indications  are  that  in  quite  recent  times  this  ice  fidd  was 
much  larger  than  it  is  at  present,  hence  formed  a  greater  barrier." 

It  seems  probable  that  this  distribution  is  due  to  an  actual  readvance  of  the  ice  tongues 
in  the  forty  mile  strip,  rather  than  a  lingering  of  glaciers  there.  This  is  shown  by  the 
thick,  mature  forest  north  of  Tasnuna  River  and  in  the  Copper  River  basin  near  Chitina. 
Here  all  forest  was  certainly  removed  at  the  stage  of  maximum  ^adation,  f<v  the  ioe 
was  thick  enough  to  extend  above  the  timberline.  We  think  it  unlikely  that  the  coni* 
fers  readvanced  to  the  Copper  River  basin  by  way  of  the  degladated  O^po*  River 
canyon  because  of  the  difference  of  species  described  by  Weigle.  It  seems  more  probable 
that  the  unglaciated  territory  to  the  westward  near  Cook  Inlet  suj^lied  this  northern 
region  vn\h  conifers.  The  lingering  of  conifers  at  the  mouth  of  the  Copper  River  canyon 
during  the  stage  of  maximum  glaciation  was  made  possible  by  the  leaving  of  the  driftless 
area  near  Alaganik  and  of  driftless  areas  to  the  west  on  Hinchinbrook  Island,  and  prob- 
ably also  to  the  east  in  the  Controller  Bay  coal  field,  where  G.  C.  Martin'  states  that 
at  the  maximum  stage  of  Bering  Glacier  the  ice  rose  only  200  to  700  feet  above  the  pres- 
ent ice  surface,  which  we  interpret  as  below  the  timberline  of  that  period. 

The  forty  mile  strip  from  which  the  conifers  are  absent  is  near  the  largest  glaciers, 
and  the  present  vegetation  of  the  Copper  River  canyon  is  in  an  intermediate  stage  be- 
tween the  Prince  William  Sound  region,  where  mature  forest  extends  up  close  to  the 
present  glaciers,  and  the  Yakutat  Bay  region,  where  the  readvancing  forest  near  the 
ice  fronts  is  even  less  mature  than  in  the  Copper  River  canyon.  Apparently  the  Heney, 
Allen,  Miles,  Childs,  Goodwin,  and  other  glaciers  of  this  part  of  the  Chugach  Mountains 
advanced  and  destroyed  the  vegetation  in  part  of  the  Copper  River  canyon  at  some 
fairly  recent  period.  We  should  not  know  of  this  if  it  was  not  for  the  absence  of  coni- 
fers in  the  forty  mile  strip  between  Tasnuna  River  and  Childs  Glacier. 

Glaciation  of  the  Lower  Copper  River  Region.  The  present  stage  of  glaciation  of  the 
lower  part  of  the  Copper  River  valley  is  one  where  the  larger  side  valleys  are  filled  with 
ice  tongues,  projecting  into  the  main  valley  and  expanding  there  as  bulbs  which  obstruct 
the  major  drainage  and  supply  Copper  River  with  great  amounts  of  water  and  sediment. 
A  former  stage,  perhaps  repeated,  involved  the  occupation  of  this  main  valley  by  a 

1  Personal  oommunication,  November  21,  1912. 

■  Martin,  G.  C,  Bull.  SS5.  U.  S.  Geol.  Sur\  ey,  1908,  p.  50. 
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great  trunk  glacier  (PI.  CLXXXTV)  to  which  the  expanded  Miles,  Childs,  Allen,  Heney, 
and  other  glaciers  were  tributaries.  This  is  indicated  by  the  hanging  valleys,  as  well 
as  by  oversteepened  valley  walls,  eroded  spurs,  and  the  broadened  valley  bottom. 

We  realize  that  many  problems  are  left  unsolved,  and,  of  these,  one  of  the  most  inter- 
esting is  the  behavior  of  the  Copper  River  during  earlier  stages  of  glaciation.  At  present, 
with  its  vast  volume  of  water  and  its  steep  grade,  it  is  able  to  compete  with  the  glaciers 
and  maintain  mastery,  though  here  and  there  diverted  and  transformed  to  rapids  in 
the  struggle,  and  in  parts  of  its  course  burdened  with  a  load  of  floating  ice  to  be  borne 
away.  In  earlier  stages  the  struggle  for  mastery  between  river  and  glaciers  must  have 
been  different,  and  some  records  of  this  struggle  remain,  but  their  exact  interpretation 
calls  for  a  much  more  detailed  study  than  we  were  able  to  give. 

These  glaciers  on  the  lower  Copper  River,  and  the  glacial  phenomena,  are  of  more 
than  ordinary  interest,  because  of  the  fact  that  they  lie  along  one  of  the  highways  to 
interior  Alaska  which  promises  to  be  of  increasing  importance  in  the  immediate  future. 
They  will  be  easily  accessible  to  the  traveller  from  now  on,  and  it  is  largely  for  this 
reason  that  we  have  devoted  so  much  time  to  the  glaciers  and  glaciation  of  the  Copper 
River  region,  so  that  others  may  continue  the  work  which  we  have  merely  conunenced. 

Princb  William  Sound 

The  Piedmont  Glacier  of  Prince  WiUiam  Sound.  It  is  clear  that  at  the  stage  of  maximum 
glaciation  Prince  William  Sound  was  occupied  by  a  great  piedmont  glacier.  It  was  fed 
by  the  expanded  valley  glaciers  of  the  fiords  between  Port  Valdez  and  Orca  Inlet  on  the 
east,  by  the  enlarged  ice  tongues  of  Columbia  Bay,  Unakwik  Inlet,  Port  Wells,  and 
other  fiords  on  the  north,  and  by  the  Passage  Canal,  Port  Nellie  Juan  and  Icy  Bay  Glaciers 
on  the  west. 

Its  general  extent  is  shown  in  PL  CLXXXIV,  a  generalized  map  upon  which  no 
attempt  has  been  made  to  show  the  complete  seaward  extent  of  this  piedmont  glacier. 

It  covered  all  of  the  lower  islands  and  rose  high  upon  the  slopes  of  the  tributary  fiords, 
but,  on  some  islands,  high  peaks  rose  through  it  as  nunataks.  Naked  and  Peak  Islands, 
which  are  1200  feet  high,  are  shown  by  their  rounded  summits  to  have  been  completely 
overridden,  as  were  Green  and  Perry  Islands  and  the  more  irregular  Lone  Island.  The 
nunataks  were  on  Montague,  Knight,  and  Hinchinbrook  Islands  where  there  are  many 
horns  and  needles  among  the  summit  peaks. 

The  surface  of  the  piedmont  glacier  may  be  restored  in  part,  as  is  shown  in  the  following 
table,  in  which  some  of  the  determinations  of  approximate  heights  of  glaciation  were 
made  by  Gilbert,  some  by  Grant  and  Higgins,  and  some  by  the  National  Geographic 
Society's  1910  expedition.   AU  altitudes  are  given  in  feet. 

Table  Showing  Heights  of  Glaciation  in  Prince  William  Sound 

Harriman  Fiord  4000  Latouche  Island  2000 

Columbia  Bay  4000  Hinchinbrook  Entrance  400 

Port  Valdez  3£00  Orca  Inlet  2300 

The  points  in  the  first  column  arc  in  northern  Prince  William  Sound,  those  on  the 
light  hand  arc  near  the  Pacific  Ocean,  and  Hinchinbrook  Entrance  is  about  midway 
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between  Latouche  Uand  on  the  wetft  and  Orca  Inlet  on  the  east.  The  slope  of  the  f omier 
ice  surface  between  the  northern  and  southern  points  ci  deteimination  is(l)  about  25  feet 
to  the  mile  from  Harriman  Fiord  to  Latouche  Island,  the  grade  flattening  in  the  southern 
portion  and  being  only  about  17  feet  to  the  mile  between  Knight  and  Latouche  Islands; 
(£)  about  60  feet  to  the  mile  between  Columbia  Glacier  and  Hinchinbrook  Entrmnoe; 
and  (8)  about  50  feet  to  the  mile  between  Orca  Inlet  and  Hinchinbrook  Entrance.  These 
grades  are  not  quite  as  steep  as  those  of  the  present  Malaspina  Glacier  and  of  the  andent 
ice  surface  of  Yakutat  Bay,  which  average  70  to  75  feet  to  the  mile.  It  will  be  noted 
that  the  surface  of  the  piedmont  glacier  not  only  sloped  southward  from  the  northern 
snowfields  toward  the  Pacific  Ocean  but  also  inward  from  the  eastern  and  western  snow- 
fields  to  a  low  axis  in  the  middle  of  the  sound.  This  low  axis  was  occupied  by  an  ioe 
stream  which  probably  moved  with  scHne  little  rapidity,  because  it  led  to  an  outlet  at 
Hinchinbrook  Entrance. 

Basins  and  Submarine  Channels.  The  bottom  of  Prince  ^^^am  Sound*  200  to  400 
fathoms  deep,  has  been  sculptured  into  basins  and  submarine  channels  by  the  move- 
ment of  ice  currents  of  the  former  piedmont  glacier.^  These  channels  show  a  direct 
relationship  to  the  tributary  fiords.  Our  knowledge  of  the  submarine  topography  is 
based  upon  soundings  by  the  U.  S.  Coast  and  Geodetic  Survey,  supplemented  by  our 
own,  the  data  being  complete  except  for  the  northwestern  comer  of  the  sound  between 
Knight  Island  and  the  mouth  of  Passage  Canal — ^Port  Wells. 

The  largest  channel  (Fig.  7£)  leads  from  Columbia  Bay  and  Valdes  Arm  to  Hin- 
chinbrook Entrance.  It  is  about  forty  miles  long  and  7  to  10  miles  wide,  with  an  average 
depth  of  1200  to  1500  feet.  As  the  adjacent  portion  cS  the  sound  has  a  depth  of  onl|y  400 
to  700  feet  it  is  evident  that  this  channel  is  about  800  feet  deeper  than  the  p<»tion  of 
the  sound  through  which  it  passes.  At  its  head  the  expanded  ice  streams  of  Valdes 
Arm  and  Columbia  Bay  formerly  came  in  from  the  northeast,  joining  a  western  ice  stream 
from  between  Glacier  Island  and  the  Naked  Island  group,  where  the  Wells  Bay  and 
Unakwik  Inlet  Glaciers  evidently  supplied  part  of  their  ice. 

Ice  streams  from  Port  Fidalgo  and  from  Port  Gravina — Orca  Bay  came  into  the  channel 
from  the  east  and  it  is  these  that  furnish  proof  as  to  the  origin  of  this  submarine  channd. 
Port  Fidalgo  has  a  hanging  valley  relationship  to  this  channel  as  does  the  united  Port 
Gravina — Orca  Bay.  The  different  amounts  of  discordance.  Port  Fidalgo  between  600 
and  700  feet,  Orca  Bay  900  to  1000  feet,  shows  that  these  submerged  hanging  valleys 
are  due  to  glacial  erosion  and  that  the  great  submarine  channel  itself  is  the  result  of  ice 
sculpture.  It  also  has  the  ice-eroded  basin  character,  being  400  feet  shallower  near  Hin- 
chinbrook Island  than  it  is  a  few  miles  farther  north. 

West  of  this  channel  and  of  northern  Montague  Island  is  a  submarine  ridge  about  ten 
miles  wide  and  with  water  averaging  less  than  400  feet  in  depth.  Above  this  ridge  rise 
Naked  and  adjacent  islands,  Green  Island,  and  a  few  small  reefs. 

A  second  submarine  channel  leads  southward  from  between  Naked  and  Ejiight  Is- 
lands to  Montague  Strait,  following  close  to  the  eastern  shore  of  Knight  Island.  It  is 
about  thirty-five  miles  long  and  three  miles  wide  and  is  400  to  800  feet  deep.  Its  relative 
narrowness  and  shallowness  is  due  to  the  small  amount  of  ice  which  moved  down  it, 
most  of  which  probably  came  from  Unakwik  Inlet  and  Eagiek  Bay  and  from  local  gla- 
ciers on  Knight  Island.    Its  glacial  origin  is  shown  by  the  fact  that  its  northern  end  hangs 

>  Bean,  E.  F.,  Fiords  of  Prince  William  Sound,  Alaska.  Unpublished  thesis.  University  of  TOsooiisin.  1911. 
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600  feet  above  anotlier  channel  west  erf  Kni^t  Island,  as  well  as  by  the  subme^ed  hang- 
ing vBllqra  whidi  it  recdves  as  tributaries  from  the  eastern  side  of  Knight  Island.    Of 
these,  mention  m^  be  made  of  Snug  Harbor.  Marsha  Bay,  and  Bay  (rf  Isles.    Within 
the  latter,  are  tributary  co\'e8,  fonning  submerged  hanging  valleys  of  the  second  order. 
A  third  channel  beneath  the  surface  ot  Prince  William  Sound  lies  northwest  of  Knight 


Fra.  72.    SuBiunm  ToroottAraj  or  Fsince  WnAiAH  Souno. 


Island.  The  southern  end  of  it  leads  into  a  fiord  called  Kni^t  Island  Passage.  Near 
the  mouths  of  Passage  Canal  and  of  Port  Nellie  Juan  we  lack  soundings,  but  ^nce  the 
junction  of  Passage  Canal  and  Port  Wells  is  over  1400  feet  deep  and  the  northern  known 
portion  of  this  submarine  channel  is  2400  feet  deep,  it  seems  likely  that  in  the  intervening 
seventeen  miles  there  is  either  a  deep  channel  or  several  deep  basins  between  the  islands. 
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The  ice  in  this  northern  portion  of  the  channel  was  supplied  by  the  expanded  glaciers 
of  College  and  Harriman  Fiords,  Passage  Canal,  Blackstone  Bay,  and  Port  Nellie  Juan. 
It  seems  probable  that  at  the  maximum  stage,  Esther,  Culro^s  and  adjacent  smaller  is- 
lands were  completely  overridden  by  the  glacier. 

The  second  portion  of  this  channel  is  the  deep  basin  north  of  Knight  Island.  It 
is  at  least  twelve  miles  long  and  2000  to  2400  feet  deep,  including  not  less  than  thirty 
square  miles  with  a  depth  of  2400  feet.  South  of  this  basin  the  depth  decreases  to  less 
than  1200  feet,  suggesting  that  the  depth  of  2400  feet  is  due  to  glacial  scooping  caused 
by  the  obstruction  to  free  outflow  of  the  ice  through  the  narrower  channels  to  the 
southward. 

Fiords  and  Islands  of  Western  Prince  William  Sound,  The  fiord  which  connects  directly 
with  this  submarine  channel  is  northern  Knight  Island  Passage.  It  is  twenty-two  miles 
long  and  S  to  4  miles  wide,  with  a  depth  of  800  to  2000  feet.  When  the  glacier  rose  at 
least  400  feet  above  the  crest  of  Chenega  Island  on  the  west  and  to  a  height  of  2400  feet  ^ 
on  Knight  Island  to  the  east,  the  depth  of  moving  ice  in  this  channel  was  at  least  S500 
to  4500  feet.  We  have  little  hesitancy  in  ascribing  tremendous  erosive  power  to  this 
ice  stream  and  believe  that  it  produced  the  whole  fiord,  which  has  steeply-sloping  walls 
and  receives  tributary  bays  like  Drier  Bay,  which  hangs  over  1000  feet  and  contains 
submerged  hanging  valleys  of  the  second  order  like  Cathead  and  Mallard  Bays  which 
hang  214  and  264  feet  respectively.* 

The  eastern  border  of  this  fiord  on  Ejiight  Island  shows  much  influence,  both  of  local 
glaciers  and  of  the  ice  which  formerly  filled  the  fiord.  At  the  time  of  maximum  glacia- 
tion  in  Prince  William  Sound,  a  few  of  the  higher  peaks  of  Knight  Island  probably  rose 
above  the  ice  sheet  as  a  group  of  nunataks,  for  Grant  and  Higgins  state^  that  the  island 
does  not  seem  to  have  been  glaciated  higher  than  2400  feet.  The  northern  end  of  the 
island  has  rounded  summits,  but  further  south  these  give  place  to  sharp  peaks,  with 
talus  slopes  and  cirques  containing  snow,  some  cS  which  may  have  been  sharpened  by 
the  action  of  the  local  glaciers  and  by  super-glacial  weathering,  perhaps  after  having  been 
rounded  by  the  erosion  of  the  Knight  Island  Passage  ice  stream.  Glacial  erosion  has 
been  effective  in  rounding  the  predominating  greenstones  of  Knight  Island  and  pro- 
ducing a  more  knobby  topography  than  on  the  slate  and  graywacke  which  make  up 
Chenega  Island,  the  mountains  of  Icy  Bay,  and  other  parts  of  the  mainland  to  the 
west.  There  are  U-shaped  troughs  and  well-developed  cirques  and  hanging  valleys  on 
Knight  Island. 

Within  Knight  Island  Passage  the  shallowest  portion  of  mid-channel,  800  to  1200 
feet,  is  at  the  northern  end  of  Chenega  Island  where  a  glacial  distributary  formerly 
moved  southward  through  Dangerous  Passage,  west  of  Chenega  Island.  The  deepest 
portion,  over  2000  feet,  is  southeast  of  Chenega  Island  where  a  smaller  island  and  the 
incoming  of  the  expanded  glacier  of  Icy  Bay  confined  the  ice  tongue  of  Knight  Island 
Passage  to  a  narrow  channel,  forcing  it  to  flow  rapidly  and  erode  deeply. 

The  southern  portion  of  Knight  Island  Passage  extends  southeastward  from  Chenega 
Island  to  Montague  Strait  near  Latouche  Island.  It  is  a  fiord  4  to  6  miles  wide  and 
15  miles  long,  exclusive  of  the  mouth  of  Icy  Bay.  The  depth  ranges  from  800  to  1200 
feet. 

» Gnmt,  U.  S.  and  Higgiiii,  D.  F.,  Bull.  443,  U.  S.  Geol.  Surv^,  1910,  p.  10. 
>  CharU  8550,  8515,  and  8584,  U.  S.  Cout  and  Geod.  Surv^. 
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The  cross-section  of  tliis  fiord  is  that  of  a  steep-sided,  flat-bottomed  glacial  trough, 
with  tributary  hanging  valleys.  A  typical  submerged  hanging  valley  on  the  northeastern 
side  lies  beneath  the  waters  of  Mummy  Bay  on  Knight  Island.  The  bottom  of  Mummy 
Bay  slopes  from  126  feet  at  the  head  to  522  feet  at  the  mouth,  d|  miles  distant.  The 
depth  then  increases  to  1260  feet  in  Knight  Island  Passage,  three-quarters  of  a  mile 
outside.  The  slope  above  this  hanging  valley  lip  is  126  feet  to  the  mile,  while  that  out- 
side is  at  the  rate  of  984  feet  to  the  mile.  Little  and  Hogan  Bays  near  the  south- 
em  tip  of  Knight  Island  also  have  submerged  hanging  valley  relationships  to  the  main 
fiord. 

These  relationships  are  of  especial  importance  in  connection  with  the  origin  of  the 
southeastern  portion  of  Knight  Island  Passage  and  outer  Icy  Bay  which  Grant  and 
Higgins  ^  have  explained  as  due  to  graben  faulting.  We  dissent  from  this  view  and 
ascribe  the  straight,  steep-walled  portion  of  Knight  Island  Passage  east  ci  Icy  Bay 
and  south  of  Knight  Island  entirely  to  glacial  erosion.  There  is  no  published  evidence 
of  faulting,  but  the  passage  has  every  characteristic  of  an  ice-sculptured  fiord.  The 
critical  features,  however,  are  the  submerged  hanging  vaUeys.  Such  forms  could  be 
produced  by  faulting,  it  is  true,  but  the  different  discordances  of  the  lips  cS  the  sub- 
merged hanging  vaUeys  of  different  sizes  cannot  be  explained  by  faulting,  but  are  per- 
fectly normal  results  of  differential  glacial  erosion. 

The  depth  of  this  southeastern  portion  of  Knight  Island  Passage  is  less  than  might  be 
expected  in  view  of  the  incoming  of  the  expanded  glacier  of  Icy  Bay,  but  is  explained  by 
the  loss  of  ice  through  the  distributary  channels  on  the  southwestern  side  of  Knight 
Island  Passage. 

Latouche,  Elrington,  Hoodoo,  and  Flemming  Islands,  between  Knight  Island  Passage, 
Montague  Strait  and  the  mainland,  are  separated  from  each  other  and  from  the  main- 
land by  narrow  fiords  called  Latouche,  Elrington,  and  Prince  of  Wales  Passages,  and 
Bainbridge  Passage — Port  Bainbridge,  the  four  distributary  fiords  which  diverted  part 
of  the  ice  of  Knight  Island  Passage  from  Montague  Strait.  Latouche  Island  is  a  moun- 
tainous island  but  its  coast  is  not  so  indented  by  minor  bays  and  coves  as  Knight  Island 
is.  This  may  be  due  to  the  difference  in  the  country  rock.  Knight  Island  being  predomi- 
nating greenstone  with  subordinate  amounts  of  conglomerate,  graywacke  and  slate, 
while  Latouche  Island  is  mostly  slate  and  graywacke.  It  is  separated  from  Elrington 
and  Hoodoo  Islands  on  the  west,  by  a  deep  straight  fiord.  Latouche  Island  has  its 
greatest  elevations  within  ^  to  f  of  a  mile  of  the  southeastern  side. 

Grant  and  Higgins  *  have  stated  that  Latouche  Island  was  probably  nearly  or  quite 
overridden  by  the  ice  sheet  of  Prince  William  Sound.  The  intensely  glaciated,  steep, 
southeastern  side  of  the  island  forms  a  striking  contrast  with  the  cirque-carved,  north- 
western side  previously  described. 

Elrington,  Hoodoo,  and  Flemming  Islands  are  each  about  twelve  miles  long.  All  of 
them,  with  the  exception  of  Flemming  Island,  are  narrower  than  Latouche  Island,  and 
more  irregular,  probably  because  the  constituent  rock,  the  same  as  in  Knight  Island, 
has  allowed  more  dissection  by  stream  and  ice  erosion.  They  also  contrast  in  irreg- 
ularity with  the  peninsula  between  Bainbridge  Passage  and  Icy  Bay  where  there  is 
graywacke  and  slate,  though  of  a  different  age  from  that  in  Latouche  Island.    Elring- 

•  Bull.  44S,  U.  S.  Geol.  Siirv^»  1910,  p.  16. 
•Op.  dt,  p.  19. 


474  ALASKAN  GLACIEB  STUDIES      v 

ton  and  Hoodoo  Islands  arise  to  heights  ci  from  1000  to  1967  feet,  and  Flemming  Uand 
is  still  higher. 

None  of  these  islands  have  glaciers.  Grant  and  Higgins  state  ^  that  the  Prince  William 
Somid  Glacier  extended  nearly  or  quite  to  their  summits,  reaching  about  2000  feet  on 
the  border  cS  Port  Bainbridge,  and  extending  out  past  the  end  of  Elrington  Island,  the 
southwestemmost  island  of  Prince  William  Sound.  This  western  distributary  of  the 
Prince  William  Sound  Glacier,  therefore,  ended  in  the  open  Pacific  Ocean. 

We  have  not  seen  these  islands  except  from  a  steamer  in  Ellington  and  Latouche 
Passages  in  1904  and  1911,  and  from  a  launch  in  Knight  Island  Passage  and  eastern 
Latouche  Passage  in  1910;  but  the  steep  lower  slopes  give  an  impression  cS  intense  glada- 
tion,  being  most  abrupt  on  the  southeastern  side,  as  on  Latouche  Island. 

These  steep  slopes  are  continued  below  sea  level,  as  the  Coast  Survey  charts  show.' 
These  fiords  all  follow  the  strike  of  the  rocks  and  are  all  rather  simple  in  outline,  and 
flat-bottomed.  The  depth  of  Bainbridge  and  Prince  of  Wales  Passages  is  unknown, 
except  in  the  southwestern  end  of  the  latter  where  it  reaches  504  to  606  feet.  This  con- 
trasts with  a  maximum  of  284  to  842  feet  in  the  southwestern  end  of  Elrington  Passage, 
which  is  tributary  to  lower  Prince  of  Wales  Passage.  The  descent  of  260  to  270  feet  in  a 
half  mile  of  the  fiord  bottom  suggests  a  submerged  hanging  valley  relationship.  This 
«  would  be  a  natural  result  of  greater  glacial  erosion  in  the  broader  Prince  ci  Wales  Passage, 
which  leads  straight  from  Knight  Island  Passage,  and  which  doubtless  had  a  more  effec- 
tive ice  stream  than  the  narrower,  crooked  Elrington  Passage. 

Within  Elrington  Passage  there  seems  to  have  been  differential  glacial  erosion,  for 
this  fiord,  which  has  a  right-angled  turn  near  the  southern  end,  reaches  its  greatest  depth 
in  a  basin  594  feet  deep,  just  at  the  elbow.  This  is  an  increase  ci  depth  amounting  to 
246  feet  in  a  mile  and  a  quarter,  measured  from  the  northeast,  and  294  feet  in  five-eighths 
of  a  mile,  measured  from  the  northwest,  and  suggests  that  the  ice  tongue  ci  Elrington 
Passage  eroded  this  deeper  rock  basin  because  its  free  movement  was  retarded  at  this 
sharp  turn. 

Latouche  Passage  has  two  rather  different  parts.  From  Elrington  Passage  northeast^ 
ward  the  depths  vary  from  480  to  750  feet,  contrasting  with  the  southwestern  half, 
which  is  from  60  to  264  feet  deep.  This  contrast  suggests  the  possibility  that  before  and 
after  the  main  period  of  glaciation,  when  the  ice  probably  streamed  southwestward 
through  Latouche  Passage,  the  local  glaciers  from  the  great  cirques  of  Latouche  Island, 
most  of  which  face  the  deep  northeastern  half  of  the  fiord,  extended  out  into  the  passage 
and  supplied  an  ice  stream  which  moved  toward  the  northeast  rather  than  the  south- 
west, therefore  eroding  the  broader  northeastern  part  of  the  fiord  most  deeply. 

There  are  submerged  barriers  on  the  bottom  at  both  ends  of  Latouche  Passage,  the 
one  facing  the  Pacific  Ocean,  near  Danger  Island,  having  a  roughly-crescentic  shape, 
with  depths  of  from  8^  to  60  feet,  in  contrast  with  264  feet  just  inside  and  150  feet  an 
equal  distance  outside.  Two  narrow  channels  with  depths  of  78  and  84  feet  respectively 
cross  this  obstruction,  which  curves  both  ways  from  the  low  Danger  Island.  The  shallow 
mouth  of  this  fiord,  contrasting  with  the  deep,  open  termini  of  the  wider  Prince  of  Wales 
Passage  and  Montague  Strait  may  be  due  either  to  lack  of  glacial  erosion  here  or  to  the 
deposition  of  a  terminal  moraine  below  sea  level. 

>  Bull.  44S,  U.  S.  Geol.  Suirey,  1910,  p.  19. 

>  U.  S.  Coast  and  Geod.  Sunrey,  Chaits  8522  and  8515. 
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The  bar  at  the  northern  end  of  Latouche  Passage  has  depths  of  168  to  330  feet  in  mid- 
fiord,  in  contrast  with  636  to  642  feet  a  half  mile  distant  on  each  side.  It  is  narrow  and 
straight,  completely  closing  the  mouth  of  the  fiord  excepting  for  a  480  foot  channel 
north  of  the  middle.  It  may  be  e3q)lained  equally  weU  as  either  (a)  a  moraine  bar  or 
(b)  an  uneroded  rock  ledge  with  a  rock  basin  southwest  of  it,  though  its  position  is  not 
as  favorable  to  the  latter  interpretation  as  in  the  case  of  the  bar  at  the  seaward  end  of 
the  same  fiord.  If  it  is  a  submerged  moraine  it  might  have  been  built  at  the  terminus 
of  a  southwest-retreating  locd  glacier,  fed  by  the  cirques  of  Latouche  Island,  or  as  a 
lateral  moraine  dt  the  northwest-retreating  ice  tongue  of  Knight  Island  Passage. 

The  Ice-Sculptured  Outlets  of  Prince  William  Sound.  The  ice  of  the  piedmont  glacier 
of  Prince  William  Sound  had  three  outlets  to  the  Pacific  Ocean,  (1)  Montague  Strait 
and  the  four  adjacent  fiords  alluded  to  in  the  last  section,  (2)  Hinchinbrook  Entrance, 
and  (3)  the  mouth  of  Orca  Inlet. 

The  outlet  by  Montague  Strait,  was  probably  the  largest  one.  It  was  not  as  important, 
however,  as  it  would  have  been  had  there  not  been  four  subordinate  outlets.  This  is 
shown  by  the  fact  that  this  outlet  was  only  eroded  to  a  maximum  depth  of  1100  feet 
and  shallows  to  400  feet  near  the  Pacific  Ocean.  Its  width  is  from  5  to  6  miles  and  the 
deepest  channel  is  close  to  Latouche  Island,  perhaps  because  of  the  influence  of  local 
glaciers  on  Montague  Island.  The  southeastern  slope  of  Latouche  Island  is,  therefore, 
smoothed  and  much  oversteepened,  sloping  at  the  rate  of  3500  to  4000  feet  to  the  mile 
on  the  land.  The  slope  continues  below  water  at  the  rate  of  1500  feet  to  the  mile,  beyond 
which  Montague  Strait  has  a  broad,  flat  bottom  with  an  equally  steep  ascent  to  Montague 
Island.  This  U-shape  indicates  that  it  was  the  work  of  a  glacier  which  sculptured  Mon- 
tague Strait,  as  do  the  submerged  hanging  valleys,  for  example,  Hannii^g  Bay  and  Macleod 
Harbor,  on  the  southwestern  side  of  Montague  Island,  which  are  each  132  feet  deep  at 
their  mouths  and  hang  528  and  330  feet,  respectively,  above  Montague  Strait. 

The  central  outlet  was  between  Hinchinbrook  and  Montague  Islands.  Hinchinbrook 
Island,  which  has  also  been  called  Nutcheck  Island,  is  separated  from  Montague  Island 
by  a  strait  7  to  10  miles  wide,  called  Hinchinbrook  Entrance.  It  has  also  been  called 
Meiklejohn  Entrance.  The  strait  has  a  length  of  about  twelve  miles  and  is  900  to  1300 
feet  deep.^  Its  cross-section  is  a  typical  glacial  U,  for  in  the  narrowest  part  there  is  an 
abrupt  descent  of  900  feet  within  ^  to  }  of  a  mile  of  each  shore  and  a  flat,  somewhat- 
basined  bottom  five  miles  wide.  The  lower  slopes  of  the  land  are  similar  to  the  slopes 
below  tidewater,  for  example,  the  precipitous  character  of  Bear  Cape  on  the  eastern  side 
of  Hinchinbrook  Entrance  north  of  Port  Etches,  which  is  interpreted  as  a  result  of  glacial 
oversteepening. 

There  are  submerged  hanging  valleys  on  each  side  of  Hinchinbrook  Entrance.  On 
the  west  are  Rocky  and  Zaikof  Bays,  with  maximum  depths  of  342  and  324  feet,  sub- 
merged hanging  valleys  whose  discordant  junction  with  Hinchinbrook  Passage,  amounts 
to  from  600  to  700  feet. 

Port  Etches  east  of  Hinchinbrook  Entrance  also  shows  a  discordant  relationship,  hav- 
ing a  submerged  hanging  valley  lip,  with  a  descent  of  318  feet  to  the  bottom  of  Hin- 
chinbrook Entrance,  the  water  increasing  in  depth  from  306  to  624  feet  in  less  than  one 
and  one-half  miles. 

>  See  U.  S.  Coast  and  Geod.  Survey  Charts,  Nos.  8550,  8515,  and  8520. 
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At  the  lighthouse  east  of  Hinchinbrook  Entrance  the  glaciated  ledges  185  feet  above 
sea  level  bear  striae  which  trend  nearly  due  east  It  is  clear  that  these  glacial  scratches 
have  been  made  by  ice  which  came  from  Hinchinbrook  Entrance  of  Prince  William  Sound, 
rather  than  from  Orca  Inlet  to  the  northeast. 

The  granite  bowlders  in  the  glacial  till  here  and  the  striations  show,  not  only  that  the 
Prince  William  Sound  Glacier  extended  out  into  the  Pacific  Ocean,  but  that  it  spread 
out  in  a  bulb  as  soon  as  it  was  released  from  the  confining  walls  of  Hinchinbrook  Entrance. 
This  explains  the  eastward  trend  of  the  striae  at  Cape  Hinchinbrook,  in  contrast  with 
the  southward  trend  in  Hinchinbrook  Entrance,  and  suggests  that  the  Pacific  side  of 
Montague  Island  may  have  similar  striae.  A  search  for  striae  on  Seal  Rocks,  which 
rise  to  a  height  of  thirty-seven  feet  off  the  mouth  of  Hinchinbrook  Entrance  would  be 
of  great  interest,  both  as  to  whether  the  Prince  William  Sound  Glacier  extended  this 
far  into  the  Pacific  Ocean,  and,  if  so,  as  to  the  direction  of  the  ice  movement  here. 

The  easternmost  outlet  of  Prince  William  Sound  lies  between  Hinchinbrook  and 
Hawkins  Islands  near  the  mouth  of  Orca  Inlet.  This  outlet  seems  to  have  been  of  decid- 
edly minor  importance,  so  little  ice  moving  through  it  that  it  was  not  eroded  below  sea 
level,  excepting  in  the  narrow  Hawkins  Island  Cut-off  and  the  still  smaller  Canoe 
Passage.  There  was,  however,  strong  ice  movement  out  of  the  northeastern  portion 
of  Orca  Inlet. 

The  Driftles8  Area  on  Hinchinbrook  Island.  At  the  time  ci  maximum  gladation,  the 
Prince  William  Sound  Glacier  did  not  completely  cover  Hinchinbrook  Island,  which 
rose  through  it  as  a  nunatak.  The  glacial  deposits,  at  least  in  the  southwestern  portion, 
are  entirely  confined  to  its  lower  slopes,  a  large  part  of  the  island  forming  a  driftless 
area. 

This  was  determined  in  1910  by  observations  at  two  points  near  the  southwestern  end 
of  the  island.  Between  English  Bay,  a  cove  on  the  southern  side  of  Port  Etches,  and 
the  tc^  of  Signal  Mountain,  a  painstaking  examination  revealed  glacial  deposits  only 
on  the  lower  slopes.  The  till  contained  bowlders  of  granite  and  other  foreign  material 
not  present  in  the  countiy  rock  of  Hinchinbrook  Island,  showing  that  the  ice  which  carried 
this  glacial  drift  was  not  a  local  glacier  but  the  great  ice  sheet  from  northern  Prince 
William  Sound.  The  glacial  deposits  were  found  upon  the  gentler  lower  slopes,  with, 
a  thickness  of  15  or  20  feet,  as  on  the  headland  southwest  of  English  Bay;  and  a  steepened 
slope,  extending  up  to  an  elevation  of  less  than  400  feet,  showed  the  maximum  thickness 
of  the  glacier.    At  about  400  feet  there  is  also  a  small  hanging  valley  east  of  English  Bay. 

At  an  elevation  of  440  feet  glacial  deposits  were  entirely  lacking,  as  we  found  by  ex- 
cavating through  the  thick  peaty  soil  and  residual  deposits  to  bedrock.  Frequent  ledges 
from  this  point  to  the  top  of  Signal  Mountain  revealed  absolutely  no  rounding  or  stria- 
tion,  and  there  were  no  rounded  pebbles  excepting  those  traceable  to  certain,  visibly- 
disintegrating,  conglomerate  ledges.  The  broad,  rounded  top  of  Signal  Mountain,  1546 
feet  high,  showed  clear  evidence  of  never  having  been  glaciated,  a  careful  examination 
revealing  no  erratics,  no  striae,  and  no  rounded  pebbles  except  those  from  the  weathered 
ledges  of  conglomerate. 

The  second  set  of  observations  as  to  the  height  of  glaciation  was  made  at  Cape  Hin- 
chinbrook on  the  Pacific  side  of  the  island  near  the  new  lighthouse  on  the  southwestern 
tip.  The  lowest  slopes  were  without  glacial  deposits,  because  they  had  been  cut  by  the 
waves  into  great,  precipitous  seacliffs.    Back  of  the  cliffs,  however,  glacial  till  was  ob- 
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served  up  to  an  elevation  of  200  feet  and  glacial  lakes  (PI.  CLXXXII)  nearly  up  to 
400  feet,  above  which  the  absence  of  erratics  showed  that  the  area  has  not  been  ice- 
covered.  The  highest  glaciated  rock  ledges  seen  were  at  an  elevation  of  185  feet,  and 
these  were  strongly  polished  and  striated. 

Montague  Island  may  also  be  partly  drif tless,  though  not  for  so  large  an  area  as  Hin- 
chinbrook  Island,  which  had  fewer  local  glaciers. 

The  rolling  topography  of  the  plateau-like  southwestern  end  of  Hinchinbrook  Island 
continues  throughout  most  of  the  southern  half  of  the  island.  From  sea  level  in  Prince 
William  Sound  and  on  the  Pacific  Ocean  it  closely  simulates  a  glacially-smoothed  topog- 
raphy (PI.  CLXXXIII) ;  but  it  is  absolutely  certain  that  it  has  never  been  covered  by 
ice.  It  seems  to  be  a  part  of  the  warped,  southward-tilted  peneplain,  described  by 
Spencer  ^  and  by  Grant  and  Higgins,^  and  to  owe  its  rounded  topography  to  sub-aerial 
denudation.    In  it  a  few  cirques  of  small  local  glaciers  are  cut. 

The  Glaciaiion  of  the  Continental  Shelf.  In  the  Gulf  of  Alaska  opposite  the  mouth  of 
Prince  William  Sound  there  is  an  exceptionally  wide  continental  shelf.  Mention  has 
already  been  made  of  the  fact  it  is  necessary  to  go  40  to  70  miles  from  shore  before  a  depth 
of  600  feet  is  reached  and  that  in  the  56  miles  between  Hinchinbrook  Entrance  and 
Middleton  Island  the  depth  of  water  is  only  200  to  450  feet.' 

The  question  naturally  arises  as  to  whether  glaciation  has  played  any  part  in  producing 
this  broad,  shallow  continental  shelf.  The  shelf,  itself,  is,  of  course,  a  feature  which  ex- 
isted before  and  is  independent  of  glaciation.  That  it  may  have  been  glacially  modified, 
however,  is  suggested  by  (1)  observations  at  Hinchinbrook  lighthouse  and  at  the  southern 
end  of  Elrington  Island  which  prove  that  the  glacier  from  Prince  William  Sound  once 
extended  out  into  the  the  Pacific  Ocean;  (i)  the  deposits  upon  Middleton  Island,  which 
Dawson  ^  has  interpreted  as  glacial  till.  This  suggests  that  the  glacier  moved  outward 
across  the  continental  shelf  to  or  beyond  Middleton  Island,  and  that  the  Gulf  of  Alaska 
once  had  a  great,  tidal  ice  front  similar  to  the  barriers  of  the  Antarctic  region,  but  not 
floating  because  the  water  was  too  shallow. 

It  is  difficult  to  determine  whether  the  expanded  glaciers  actually  pushed  out  to  sea 
beyond  the  islands,  glaciating  the  continental  shelf.  Aside  from  the  glaciated  condi- 
tion of  Hinchinbrook  Entrance,  there  are  three  facts  suggesting  that  they  did.  In  the 
first  place  there  is  no  visible  deposit  which  can  be  considered  representative  of  the  terminal 
accumulation  of  this  long  period  of  expanded  piedmont  glacier  in  Prince  William  Sound. 
The  inference  seems  warranted  that  it  lies  beneath  the  sea  on  the  continental  shelf.  A 
second  fact,  suggesting  the  correctness  of  this  conclusion,  is  the  shallowing  of  the  water 
south  of  the  entrance  to  the  sound.  Soundings  are  not  numerous  enough  to  warrant 
definite  conclusions  on  this  point,  but  beyond  the  deep  entrance  to  the  sound  between 
Montague  and  Hinchinbrook  Islands,  there  is  a  broad  area  of  shallower  water  with  sound- 
ings of  from  120  to  240  feet  and  beyond  that  only  slightly  deeper  water.  More  detailed 
soundings  are  necessary  before  the  significance  of  this  can  be  definitely  determined.  A 
third  noteworthy  point  is  the  depth  of  the  entrance  between  the  two  islands.    Its  depth 

>  Spencer,  A.  C,  Bull.  Geol.  Soc.  Amer..  Vol.  XIV,  1903,  pp.  117-132. 

>  Gnmt,  U.  S.  and  Higgins,  D.  F.,  Bull.  443,  U.  S.  Geol.  Survey,  1910,  p.  15. 
«  See  Chart  8502,  U.  S.  Coast  and  Geod.  Survey. 

*  Dawson,  G.  M.,  Notes  on  the  Geology  of  Middleton  Island,  Alaska,  Bull.  Geol.  Soc.  Amer.,  Vol.  4,  1898, 
19.  427^31;  Brooks,  A.  H.,  Bull.  542,  U.  S.  Geol.  Survey,  1918,  p.  48. 
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harmoDiKes  with  the  theory  that  the  Prince  William  Sound  Glacier  spread  out  into  a 
great  bulb  on  emerging  into  the  sea  and  that  it  found  freest  passage  and  moved  fastest 
in  the  narrow  strait  between  Ilinchinbrook  and  Montague  Island  and  accordingly 
scoured  out  the  passage  through  which  it  flowed.  It  could,  of  course,  have  produced  the 
great  depth  in  Hinchinbrook  Entrance  without  extending  beyond  the  islands,  provided 
the  ice  moved  through  this  passage  long  enough,  or  in  a  shorter  period  if  the  ice  moved 
•ome  distance  out  to  sea. 

It  is  not  absolutely  clear,  however,  that  this  has  taken  place  and  that  the  continental 
shelf  is  glaciated.  Our  doubt  is  based,  chiefly,  upon  the  low  limit  of  glaciation  at  Hin- 
chinbrook Island.  If  tlie  ice  extended  only  400  feet  above  sea  level  and  sloped  between 
t5  and  60  feet  to  the  mile,  as  in  Prince  William  Sound,  it  could  not  well  have  advanced 
fifty-six  miles  farther  to  Middleton  Island. 

Another  objection  is  found  in  the  fact  that  the  nature  of  the  material  from  Middleton 
Island,  whibh  Dawson  interprets  as  till,  is  such  that  it  might  equaUy  weU  be  an  up- 
lifted marine  clay  or  silt,  sprinkled  with  sub-angular,  striated  stones  dropped  by  floating 
icebergs  from  glacier  fronts  in  Hinchinbrook  Entrance  and  the  other  outlets  of  Prince 
William  Sound.  The  presence  of  crushed  shells  in  the  Middleton  Island  deposit  and  the 
fact  of  known,  post-glacial  uplift  a  short  distance  to  the  east  on  Wingham  Island  ^  sup- 
port this  interpretation. 

The  present  conclusion  therefore,  regarding  the  glaciation  of  the  broad  continental 
shelf  off  Prince  William  Sound  is  that  it  is  not  certain  whether  the  shelf  has  been  actually 
overridden  by  an  ice  sheet  or  not,  but  that  it  has  certainly  been  greatly  modified  throu^ 
the  former  presence  of  glaciers,  at  least  at  the  mouths  of  the  various  outlets  of  Prince 
William  Sound.  In  any  event,  there  are  vast  glacial  accumulations  on  the  continental 
shelf,  made  either  by  the  deposition  of  tiU  or  of  great  volumes  of  glacial  silt,  supplied 
by  rivers  from  beneath  the  melting  ice,  and  distributed  by  the  tidal  currents,  as  at  the 
Copper  River  delta  today,  with  a  scattering  of  glacial  bowlders  carried  by  icdbergs. 
This  silt-and-iceberg-bowlder  combination  is  hard  to  distinguish  from  glacial  till,  or 
bowlder  clay,  unless  marine  shells  are  buried  in  it. 

The  Old  Rock  Floor  of  Prince  William  Sound.  In  various  parts  of  Prince  William  Sound 
there  are  rock  terraces  at  elevations  of  from  40  to  100  or  200  feet  above  sea  level.  These 
were  first  noted  by  Schrader.*  In  1910  we  saw  others,  which  lead  us  to  believe  that  these 
are  remnants  of  the  old  rock  floor  of  Prince  William  Sound.  Our  view  is  that  there  was 
no  preglacial  arm  of  the  sea  on  the  present  site  of  Prince  William  Sound,  but  that  glacial 
erosion  has  excavated  the  whole  sound  on  the  site  of  a  preglacial  lowland,  whose  rock 
floor  was  slightly  above  the  present  sea  level.  This  lowland  may  have  been  crossed  by 
preglacial  stream  courses,  along  the  lines  of  which  the  fiords  and  the  deeper  submarine 
channels  were  excavated  much  more  deeply  than  the  intermediate  areas. 

This  view  is  sup]>orted  by  the  character  of  the  low,  flat-topped,  ro<5k  terraces  observed. 
On  Culross  Island  near  Passage  Canal,  for  example,  there  is  a  low  terrace  which  disap- 
pears to  the  eastward  near  Prince  William  Sound  and  to  the  westward  near  Culross 

I  Martin.  G.  C,  Bull.  9SS,  U.  S.  Geol.  Survey,  1008,  pp.  46,  64. 

sSdirmder,  P.  C.  ftOth  Ann.  R«pt.,  U.  S.  Geol.  Survey.  Part  VII.  1900.  p.  404;  Schrader  and  Spencer, 
House  Doc.  546.  56th  Congress.  Sod  session.  Washington.  1901.  pp.  75-76. 

GUbert.  G.  K.,  Haniman  Alaska  Expedition.  Vol.  III.  1904,  p.  176;  Giant,  U.  S.  and  Higgins.  D.  P..  Bull. 
44S.  U.  S.  G«g1.  Sorv^.  1910.  pp.  16-17. 
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Passage,  where  glacial  erosion  would  have  been  most  effective.  The  low  rock  benches 
on  both  sides  of  Port  Nellie  Juan  near  the  mouth  are  not  completely  flat-topped,  but 
have  gently-undulating  surfaces,  as  if  modified  by  glaciation.  The  lack  of  seacliffs  and 
talus  slopes  at  the  backs  of  these  terraces  suggests  that  they  are  of  preglacial  origin 
and  not  uplifted,  wave-cut,  post-glacial  benches.  There  are  two  groups  of  flat-topped 
islets,  the  first  between  Montague  and  Green  Islands,  the  second,  called  Porpoise 
Rocks,  in  Port  Etches  at  the  west  end  of  Hinchinbrook  Island.  These  are  in  places  where 
remnants  of  the  rock  fioor  of  Prince  William  Sound  might  well  be  preserved,  because 
they  are  out  of  .the  paths  of  the  most  rapidly  moving  ice  currents  of  the  former  pied- 
mont glacier  of  Prince  William  Sound.  The  borders  of  each  islet  are  cut  into  precip- 
itous cliffs,  and,  as  they  are  located  where  wave-work  adequate  for  such  erosion  is  now 
impossible,  these  cliffs  are  ascribed  to  waves  from  the  iceberg-discharging  front  of  the 
retreating  Prince  William  Sound  Glacier. 

Recent  Changes  of  Level  in  Prince  William  Sound.  Mention  has  already  been  made  of 
the  post-glacial  uplift  on  the  continental  shelf  near  Prince  William  Sound,  and  also  a 
short  distance  to  the  east  on  Wingham  Island,  and  of  the  shore  forms  near  Columbia 
Glacier  which  Grant  and  Higgins  ^  ascribe  to  recent  uplift,  but  which  we  believe  to  be 
due  to  the  work  of  iceberg  waves.  The  latest  change  of  level  of  the  land  adjacent  to 
Prince  William  Sound,  however,  is  a  very  slight  downward  movement. 

The  evidence  that  the  latest  change  of  level  was  a  sinking  of  the  land  has  been  brought 
forward  by  Vancouver,*  Hayes,*  Schrader  *  and  by  Grant  and  Higgins.*  Our  own  ad- 
ditional observations,  made  in  1910,  are  that  there  are  dead  trees  in  place  and  evi- 
dently killed  by  post-glacial  submergence  in  three  other  localities.  These  are  (1)  on 
Point  Countess,  Flemming  Island,  on  the  southwestern  side  of  lower  Knight  Island 
Passage,  (2)  on  the  southeastern  side  of  Green  Island,  and  (3)  at  Graveyard  Point  on 
the  northwestern  side  of  Montague  Island.  At  each  of  these  places  the  submergence  may 
be  still  going  on. 

These  localities  are  6  to  3£  miles  apart  and  are  50  and  80  miles  west  of  the  areas  of 
recent  sinking  on  the  Copper  River  delta  and  at  Bering  Lake,  showing  that  the  down- 
ward movement  is  widespread.  On  the  other  hand,  it  is  extremely  localized,  for  the  areas 
of  dead  trees  are  very  small  and  there  is  undisturbed,  continuous  forest  close  to  sea  level 
between  these  points  of  submergence,  proving  that  there  is  no  continuous  sinking  of 
the  land.  There  is  no  reason  for  suspecting  that  this  recent  submergence  in  Prince 
William  Sound  is  related  to  glaciation,  as  it  probably  is  on  the  Copper  River  delta  where 
isostasy  and  the  loading  of  the  seacoast  with  the  outwash  deposits  of  the  Copper  River 
glaciers  may  possibly  explain  the  submergence. 

Glacial  Deposits.  Most  of  the  glacial  deposits  in  Prince  William  Sound  are  submarine. 
In  discussing  the  several  fiord  regions  we  have  already  described  small  areas  of  ground 
moraine,  terminal  and  lateral  moraine,  outwash  gravels,  and  deltas  on  the  land,  as  well 
as  the  moraine  bars  and  other  deposits  which  mark  terminal  moraines  in  the  sea.    There 

>  Bull.  448,  U.  S.  Geol.  Survey,  1910,  p.  18. 

>  See  footnote  on  p.  278  in  H.  H.  Bancroft*s  History  of  Alaska,  San  Francisco,  1886. 
» Hayes.  C.  W.,  Nat.  Geog.  Mag.,  Vol.  IV,  1892.  p.  136. 

*  Schrader.  F.  C,  20th  Ann.  Kept..  U.  S.  Geol.  Survey.  Part  VII.  1900.  p.  404. 

•  Grant,  U.  S.  and  Higgins,  D.  F.,  Bull.  443.  U.  S.  Geol.  Survey,  1910,  pp.  17-18. 
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are  scattered,  small  deposits  of  till  and  stratified  deposits  throughout  Prince  William 
Sound.    Several  typical  ones  are  described  below. 

There  is  a  flat  plain  of  outwash  gravels  extending  westward  from  Eyak  Lake  to  Orca 
Inlet.  One  knob  of  morainic  material  rises  through  it.  In  the  railway  cuts  near  Cordova 
station  of  the  Copper  River  and  Northwestern  Railway,  there  are  fine  exposures  of  the 
thick  stratified  gravels,  interbedded  with  lake  clays.  In  the  town  of  Cordova,  above  the 
level  of  this  outwash  plain,  there  are  deposits  of  stony  till  and  gravel  of  considerable 
thickness.  The  mantle  of  ground  moraine  near  Cordova  probably  extends  higher  toward 
the  head  of  the  fiord  in  the  mountains,  and  lower  near  Prince  William  Sound  and  the 
Pacific. 

We  have  no  information  regarding  the  extent  of  glacial  deposits  on  Hawkins  Island, 
but  the  relationships  of  the  drif tless  area  on  Hinchinbrook  Island  suggest  strongly  that 
parts  of  this  island,  also,  were  not  covered  at  the  stage  of  maximum  glaciation.  The 
eastern  end,  lying  in  the  jaws  of  two  fiords,  Orca  Bay  and  Orca  Inlet,  where  great  glaciers 
formerly  extended  out  from  the  Chugach  Mountains,  has  probably  been  glaciated  to 
a  much  greater  height  than  Hinchinbrook  Island.  The  glacial  deposits  on  Hawkins 
Island,  which  has  no  igneous  rock  in  place,  include  bowlders  of  coarse  granite  observed 
by  Schrader  and  Spencer.^  The  geological  map  by  Grant  and  Higgins  ^  shows  that  these 
must  have  come  from  the  Chugach  Mountains  to  the  northward  between  Port  Gravina 
and  Sheep  Bay. 

The  low  forelands  on  the  northern  sides  of  Hinchinbrook  and  Montague  Islands  have 
been  glaciated,  and,  near  sea  level,  bear  thick  glacial  deposits,  including  both  till  and 
outwash,  where  we  have  observed  them.  The  peninsula  south  of  Port  Fidalgo  has  a 
thick,  flat-topped  terrace  of  outwash  gravels. 

An  exposure  on  Latouche  Island,  seen  by  us  in  1910,  was  remarkable  for  the  thorou^ 
cementation  of  the  till  and  gravel  by  iron  and  copper-bearing  waters.  This  is  about  100 
feet  above  sea  level  along  the  tramway  between  the  steamer  landing  and  the  Bonanza 
copper  mine. 

Comparison  of  Prince  Wilxjam  Sound  and  Yakutat  Bay 

Introduction,  The  glaciated  portion  of  the  Alaskan  coast  is  divisible  into  three  quite 
distinct  physiographic  provinces,  all  notably  mountainous,  and  all  supporting  numerous 
glaciers,  large  and  small.  The  southeastemmost  of  tliese  is  the  irregular,  fiorded  coast 
below  Cross  Sound;  the  northwestemmost,  which  includes  the  region  west  of  Controller 
Bay,  is  also  an  irregular,  fiorded  coast;  and  the  coast  between  these  is  a  straight,  mountain 
coast,  backed  by  a  continuous,  lofty  mountain  range.  Yakutat  Bay  lies  near  the  center 
of  the  latter,  and  Prince  William  Sound  near  the  eastern  end  of  the  second  province.  The 
phenomena  of  present  day  glaciers  and  of  former  glaciation  in  these  three  sections  pre- 
sent differences  of  moment  and  doubtless,  ultimately,  one  of  the  important  results  of 
Alaskan  glacier  studies  will  be  a  consideration  and  interpretation  of  these  differences. 
Although  a  beginning  in  such  a  comparative  study  might  even  now  be  made,  on  the 
basis  of  previous  work  by  Russell,  Reid,  Gilbert,  the  United  States  Geological  Survey, 
and  others,  we  will  not  at  the  present  time  attempt  it,  but  will  confine  ourselves  to  a 

1  Schrader*  F.  C.  and  Spencer,  A.  C,  Geology  and  Mineral  Resources  of  a  Portion  of  the  Copper  River  Dis- 
trict, Alaska,  House  Doc.  546,  56th  Congress,  2nd  Session,  Washington,  1901,  p.  81. 
« PI.  n.  Bull.  448,  U.  S.  Geol.  Survey,  1910. 
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brief  discussion  of  the  similarities  and  contrasts  of  the  two  fields  in  which  our  own  most 
detailed  studies  have  been  conducted^ — ^Yakutat  Bay  and  Prince  William  Sound. 

Difference  in  Extent  of  Present  Glaciers.  We  have  no  adequate  records  of  precipitar 
lion  for  giving  any  basis  whatsoever  of  a  discussion  of  the  comparative  amount  of  snow 
that  falls  in  these  two  areas,  but  there  are  some  general  considerations  which  lead  us  to 
the  belief  that  there  is  less  supply  for  glaciers  in  the  Prince  William  Sound  region  than 
in  that  of  the  coast  further  southeast.  In  the  first  place,  although  glaciers  are  numerous 
and  some  of  them  large  in  the  Prince  William  Sound  region,  they  do  not  attain  the  mag* 
nitude  of  the  glaciers  along  the  straight  coast  which  Yakutat  Bay  indents.  Nor  are 
there  any  of  the  piedmont  glaciers  and  piedmont  bulbs  which  characterize  the  central 
region  from  Controller  Bay  to  Cross  Sound  and  include  such  great  ice  bulbs  as  those 
of  Bering,  Malaspina,  and  La  Perouse  Glaciers.  Another  indication  of  the  compara- 
tive weakness  of  the  Prince  William  Sound  type  of  glacier  is  the  fact  that  there  is  not 
the  same  proportion  of  tidal  glaciers  as  in  Yakutat  Bay.  There  are  more  tidal  glaciers 
by  actual  count,  but  they  are  distributed  over  a  far  greater  stretch  of  coast  line.  Further- 
more, these  tidal  glaciers  lie  far  back  from  the  coast  of  the  open  ocean  nearer  the  heart 
of  the  lofty  mountains  from  which  they  are  fed.  The  tidal  glaciers  are  less  active  than 
those  of  Yakutat  Bay.  The  great  Columbia  Glacier,  for  example,  which  is  comparable 
to  the  Hubbard  of  Yakutat  Bay,  is  far  less  active  in  iceberg  discharge,  and  Columbia 
Bay  is  never  so  clogged  with  floating  ice  as  to  make  navigation  in  small  boats  as  difficult 
as  in  Yakutat  Bay.  Another  point  of  contrast  is  the  fact  that  neither  the  tidal  glaciers 
nor  those  ending  on  the  land  in  Prince  William  Sound  appear  to  be  parts  of  great  through 
glacier  ^stems  comparable  in  size  with  those  of  the  St.  Elias  and  Fairweather  regions. 
Although  the  valleys  are  ice-fiUed,  and  there  are  glacier  passes,  there  does  not  seem  to 
be  the  same  ice-drowned  topography  that  characterizes  the  region  further  southeast. 

These  differences  in  the  extent  of  present  glaciation  of  the  two  regions  is  apparently 
due  primarily  to  two  significant  facts.  The  first  of  these  is  the  position  and  nature  of 
the  mountains.  In  the  Yakutat  Bay  region  the  lofty  mountains  lie  along  the  coast, 
whereas  in  the  Prince  William  Soimd  region  the  coastal  mountains  are  lower  and  the  main 
range  of  lofty  mountains  lies  farther  inland.  The  Chugach  Moimtains  are  of  sufficient 
height  to  give  rise  to  many  and  large  glaciers,  but  not  to  a  glacier  system  such  as  the 
massive,  broad,  and  elevated  St.  Elias-Fairweather  Ranges  nourish.  The  second  rea- 
son for  the  difference  is  in  exposure  to  moisture-laden  winds.  In  both  cases  the  pre- 
vailing winds  from  the  ocean  reach  the  glacier-feeding  moimtains,  but  in  the  St. 
Elias-Fairweather  moimtains  they  reach  the  lofty  chain  without  any  intermediate 
barrier.  To  reach  the  moimtains  from  which  the  Prince  William  Sound  glaciers  are 
fed,  however,  the  west  and  southwest  winds  must  first  pass  over  a  mountainous  fore- 
land on  which  a  part  of  their  vapor  is  necessarily  condensed.  Enough  vapor  still 
passes  over  this  barrier  and  the  glacier-supplying  mountains  are  lofty  enough  to  give 
rise  to  many  large  glaciers,  but  not  to  push  them  out  to  the  mountain  base,  nor  even  to 
cause  the  tidal  glaciers  to  discharge  with  the  activity  of  those  of  Yakutat  Bay. 

Contrast  in  Size  and  Form  of  the  Inlets.  In  a  comparison  of  the  glaciation  of  Yakutat 
Bay  and  Prince  William  Sound,  and  especially  in  considering  the  condition  of  former 
glaciation,  it  must  be  borne  in  mind  that  the  two  inlets  are  notably  different  in  both 
size  and  form.  As  to  size.  Prince  William  Sound  is  several  times  as  large  as  Yakutat  Bay. 
In  each  case  the  form  is  divisible  into  two  parts,  a  broad  outer  portion,  and  narrow  inner 
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fiords.  The  inner  fiord  portions  of  the  two  inlets  present  no  fundamentally  imi>ortant 
difference  excepting  that  while  the  fiord  portion  of  the  Yakutat  Bay  inlet  is  confined  to 
a  single  fiord  only  moderately  branched,  the  corresponding  portions  of  Prince  T^^lliam 
Soimd  are  numerous  and  some  of  the  fiord  fingers  are  much  branched.  Aside  from  this 
difference  the  fiords  of  the  two  regions  are  so  similar  that  they  can  be  characterized  in 
the  same  general  terms,  as  narrow,  moimtain-walled  fiords,  with  steep  sides,  truncated 
spurs,  hanging  valleys,  and  every  indication  of  powerful  glacial  erosion  as  the  chief 
agent  in  their  shaping.  They  resemble  also  the  fiords  of  the  Inside  Passage  in  southeastern 
Alaska. 

Here,  however,  the  resemblance  between  Yakutat  Bay  and  Prince  William  Sound 
ends.  In  the  former  the  single,  moderately-branching  fiord  grades  into  a  broadly-<^pen, 
outer  bay  whose  margins  are  formed  not  by  moimtains,  but  by  a  foreland  of  outwash 
gravel  on  one  side  and  an  ice  plateau  with  a  fringe  of  gravels  on  the  other.  But  in  Prince 
William  Soimd  a  dozen  fiords  from  north,  east,  and  west  terminate  in  a  roughly  rectangular 
inlet,  moimtain-waUed  on  three  sides  and  on  the  other,  or  ocean  side,  defended  from  the 
ocean  waves  by  mountainous  islands. 

Extent  of  Former  Glaciaiion.  At  an  earlier  period,  certainly  at  least  several  centuries 
ago,  Yakutat  Bay  was  completely  filled  with  ice  and  a  great  Yakutat  Bay  Glacier  dis- 
charged icebergs  directly  into  the  Pacific.  From  the  evidence  of  the  great  amount  <rf 
erosion  performed  and  of  the  extensive  deposits  made  it  is  clear  that  this  period  of  ex- 
tensive glaciation  was  of  long  duration.  Prince  William  Sound,  also,  at  an  earUer  pmod, 
and  presumably  at  the  same  period  as  in  Yakutat  Bay»  was  occupied  by  an  extensive 
glacier. 

During  the  period  of  greatest  glaciation,  the  branching  tributary  fiords  of  Prince 
William  Sound  were  well  filled  with  great  glaciers  and  these,  converging  from  all  sides, 
coalesced  in  the  broad  sound  to  form  an  expanded  ice  sheet  of  the  piedmont  type, 
(PI.  CLXXXIV)  which  crowded  up  against  the  islands  which  lie  across  the  mouth  of 
the  sound,  crept  out  of  the  openings  between  them,  and  rose  above  the  tops  of  all  but 
the  westernmost  islands. 

Origin  of  the  Two  Inlets.  The  fiord  portions  of  both  inlets  as  already  intimated,  are 
interpreted  as  the  product  of  profound  glacial  erosion.  The  phenomena  of  glacial  ero- 
sion are  clear  and  convincing  in  Prince  William  Sound,  as  they  are  in  the  fiords  of  the 
Yakutat  Bay  inlet.  Long-continued,  vigorous  ice  motion  along  these  fiords  alone  seems 
capable  of  explaining  these  phenomena. 

With  the  outer  bays  the  case  is  quite  different.  Outer  Yakutat  Bay,  though  doubt- 
less modified  in  the  northern  portion  by  glacial  erosion,  and  in  the  outer  portion  by  glacial 
deposition,  has  not,  in  the  main,  the  features  which  result  from  shaping  by  glacial  erosion. 
We  believe  that  this  outer  bay  is  a  part  of  the  shallow  ocean  bed  on  the  continental  shelf, 
protected  by  glacial  occupation  and  deepened  slightly  by  glacial  erosion  while  the  border 
of  glacial  outwash  gravels  was  being  laid  down  on  the  eastern  side.  What  will  be  the 
result  when  the  Malaspina  Glacier  disappears  from  the  western  side  cannot  be  stated, 
but  it  seems  probable  that  a  part  of  its  bed  will  become  a  bay  of  similar  origin. 

The  origin  of  the  main  Prince  William  Sound  is  wholly  different  from  this.  It  is  a  rock- 
enclosed  bay.  We  are  not  in  a  position  to  state  its  origin  with  absolute  certainty,  though 
there  are  some  facts  of  significance,  pointing  toward  origin  by  glav*ial  erosion.  At  first 
thought  this  may  seem  a  very  far-fetched  hypothesis  and  one  contrary  to  probabilities. 
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because  of  its  great  depth  and  bieadth.  Ice  confined  in  narrow  mountain  valleys,  and 
flowing  through  them  with  rapidity  has  quite  generally  been  accredited  with  great  ero- 
sive power;  but  ice  which»  emerging  from  narrow  valleys,  spreads  out  in  a  broadly-open 
depression,  loses  that  velocity  and  concentration  upon  which  effective  ice  erosion  de- 
pends. While  at  first  sight  this  seems  to  be  a  description  of  Prince  William  Sound,  on 
closer  study  it  is  found  to  be  not  a  strictly  correct  description.  It  is  true  that  there  are 
numerous,  narrow,  ice-eroded  fiords,  it  is  true  that  Prince  William  Sound  is  a  broadly 
open  depression,  and  it  is  true  that  there  are  great  depths  of  water  in  it  But  the  ap- 
parent size  of  the  depression  is  diminished  by  the  fact  that  the  western  half  is  largely 
occupied  by  islands;  and  the  apparent  depth  is  less  significant  when  it  is  noted  that  the 
deep  parts  are  mainly,  if  not  entirely,  along  rather  narrow  submarine  channels  (Fig.  72), 
in  which  it  is  a  reasonable  hypothesis  to  assume  that  the  ice  movement  was  more  vig- 
orous than  elsewhere. 

A  fact  of  importance  bearing  on  this  problem  is  that  the  tributary  valleys — the  fiords — 
themselves  have  tributary  hanging  valleys  at  such  elevations  as  to  prove  that  before  the 
ice  invasion  the  main  valley  bottoms  were  well  above  the  present  sea  level.  This  being 
the  case,  it  is  inconceivable  that  a  few  miles  down  their  courses  such  vall^s  should 
become  so  deep  as  the  bottom  of  Prince  William  Sound,  for  this  would  require  an  increase 
in  valley  depth  of  about  1500  feet  in  fifteen  or  twenty  miles.  Two  hypotheses  are  possi- 
ble to  account  for  such  valley  discordance,  (1)  orographic  changes,  (2)  differential  glacial 
erosion.  Of  the  former  there  is  not  only  no  evidence,  but  there  are  grave  difficulties  in 
accounting  for  the  peculiar  distribution  of  excessive  depths,  which  harmonize  with  valleys 
and  probable  direction  of  ice  motion  and  show  no  indication  of  ori£^  by  folding  or  fault- 
ing. In  favor  of  glacial  action  is  the  fact  that  the  ice  was  here  for  a  long  time,  giving  a 
cause  known  to  exist,  and  the  harmony  of  depths  with  lines  of  probable  ice  flow. 

While  we  do  not  consider  this  explanation  definitely  established,  we  propose  the  fol- 
lowing as  an  hypothesis  for  the  conditions  in  the  Prince  William  Sound  region.  Before 
the  advent  of  the  glaciers  there  existed  here  a  moimtain  valley  system  tributary  to  the 
lowland  of  Prince  WiUiam  Sound,  whose  bottom  was  then  at  a  level  imknown  at  present 
but  probably  slightly  above  the  present  sea  level.  The  glacial  occupation  gave  rise  to 
differential  ice  erosion,  deepening  and  widening  the  fiords,  excavating  rock  basins,  and 
eroding  to  variable  degree  throughout  the  main  Prince  William  Sound,  but  especially 
along  the  lines  of  most  rapid  flowage,  namely  out  of  the  fiord  mouth  and  down  the  middle 
of  the  eastern  half  of  the  sound.  We  believe,  therefore,  that  Prince  William  Sound  and 
the  tributary  fiords  have  been  produced  without  sinking  of  the  land. 

Deposits  of  the  Expanded  Glajciers.  In  the  Yakutat  Bay  region  the  expanded  glaciers 
have  left  us  well-marked  records  of  both  their  outer  stand  and  their  recession.  In  our 
studies  of  Prince  William  Soimd  we  have  found  no  such  distinct  records.  As  stated  above, 
the  only  interpretation  that  we  can  place  upon  the  absence  of  terminal  deposits  is  that 
these  lie  hidden  from  view  in  Prince  William  Sound  and  on  the  continental  shelf  south 
of  the  mouth  of  the  sound. 

Extensive  recessional  gravels,  like  those  plainly  visible  in  Russell  Fiord,  are  not  found 
in  Prince  William  Sound.  It  is  possible  that  this  apparent  absence  of  glacial  deposits 
may  be  due  to  the  fact  that  our  studies  here  were  not  extensive  enough,  or  that  the  forest 
covering  has  obscured  the  evidence,  though  this  does  not  seem  probable.    If  glacial  de- 
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posits  are  laddng  in  Prince  William  Sound,  then  the  recession  of  the  expanded  glaciers 
of  Prince  William  Sound  was  different  in  nature  from  that  of  Yakutat  Bay.  It  is  possible 
that  when  the  ice  supply  ceased  to  maintain  the  expanded  piedmont  glacier  near  its 
outer  limit  the  ice  margin  was  mainly  in  the  waters  of  the  sound  and  that  the  marginal 
deposits  were  made  beneath  the  sea.  This  is  a  problem  whose  solution  must  depend 
upon  further  work,  and  it  is  possible  that  such  work  will  discover  marginal  deposits  in 
parts  of  the  region  which  we  did  not  visit. 

Readvance  of  Glaciers.  In  Yakutat  Bay  there  is  clear  evidence  of  a  recent,  but  brief, 
great  advance  of  the  glaciers,  during  which  they  overrode  but  failed  to  completely  re- 
move a  series  of  gravels  of  earlier  date.  Before  this  advance  the  glaciers  had  been  farther 
back  than  now  and  forests  spread  above  where  the  present  glacier  termini  stand,  as  well 
as  throughout  the  fiord  where  the  overridden  gravels  lie.  The  recent  history  has  been  one 
of  retreat  and  the  forest  has  not  yet  advanced  up  to  the  glacier  fronts,  although  formerly 
extending  beyond  them. 

In  Prince  William  Sound  the  glacier  history  has  been  notably  different.  Some  of  the 
glaciers  are  and  have  for  some  time  been  in  recession,  but  even  here  there  is  no  such  ex- 
tensive semi-barren  zone  between  the  glacier  fronts  and  the  forest  as  in  Yakutat  Bay. 
It  is  inferred,  therefore,  that  where  glaciers  are  retreating  in  the  Prince  William  Sound 
r^on  the  recession  has  not  been  as  rapid  or  as  extensive  as  in  Yakutat  Bay.  We  have 
found  no  evidence  in  our  study  of  Prince  William  Sound  of  an  episode  of  later  advance 
and  retreat  similar  to  that  of  Yakutat  Bay,  although  we  find  a  suggestion  of  one  near  by 
on  the  Copper  River.  Thus  we  conclude  that,  although  in  the  period  of  greatest  expan- 
sion of  glaciers  there  was  a  probable  synchronism  of  advance  and  retreat,  since  that  time 
the  two  regions  have  had  a  quite  differenthistory.  Theglaciersof  YalqitatBay  readvanced 
notably,  but  those  of  Prince  William  Sound  apparently  did  not;  the  recent  history  of 
the  Yakutat  Bay  glaciers  has  been  one  of  rapid  retreat,  that  of  Prince  William  Sound 
has  not,  and,  in  at  least  one  case,  while  general  retreat  was  in  progress  in  Yakutat  Bay 
notable  advance  was  in  progress  in  Columbia  Glacier  and  14  other  ice  tongues  of  Prince 
William  Sound.  Ultimately  these  facts  of  difference  in  behavior  of  glaciers  in  different 
parts  of  the  same  coastal  mountain  region  will  doubtless  have  importance  in  interpreta- 
tion of  the  causes  of  the  difference;  at  present,  with  the  limited  range  of  our  facts,  we  can- 
not present  a  verified  interpretation.  Whether  it  is  due  to  local  climatic  variations,  or  to 
difference  in  time  of  response  to  more  general  climatic  variations,  or  to  influence  of  earth- 
quake shaking,  we  cannot  now  determine. 

Piedmont  Glaciers  and  Ablation  Moraines,  Owing  to  the  fact  that  large  glaciers  have 
extended  with  abundant  supply  from  lofty  mountains  out  upon  lower,  fairly-level  land 
at  their  base,  many  of  the  glaciers  of  St.  Elias-Fairweather  mountains  have  spread  out 
at  the  mountain  base  in  piedmont  bulbs  and  ice  plateaus.  This  condition  is  characteris- 
tic of  such  glaciers  in  their  lower  ends  in  the  Yakutat  Bay  region  and  its  neighborhood 
to  the  northwest  and  southeast.  It  is  entirely  absent  from  the  Prince  William  Sound 
regions,  because  one  of  the  factors  which  give  rise  to  it  is  absent,  namely  the' termination 
of  glaciers  on  lower,  level  land.  Some  of  the  glaciers  end  in  the  fiords,  and  these  cannot, 
of  course,  assume  the  piedmont  bulb  form  because  expansion  is  checked  by  iceberg  dis- 
charge due  to  the  attack  of  sea  water.  Others,  that  end  on  the  land,  are  confined  in 
narrow  valleys,  and  here  too  lateral  expansion  is  prohibited.  It  is  possible  that  some 
glaciers  from  side  valleys  entering  larger  main  valleys  may  in  this  region  expand  into 
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small  piedmont  bulbs  as  they  do  in  the  Yakutat  Bay  r^on,  but  we  have  seen  no  examples 
of  it.  In  the  Copper  River  valley,  however,  there  are  some  excellent  examples,  notably 
Miles  and  Allen  Glaciers,  which,  descending  from  tributary  vall^s,  expand  on  the  broad 
floor  of  the  Copper  River  canyon  into  true  piedmont  bulbs. 

Among  the  glaciers  that  we  have  studied  in  Prince  William  Sound,  only  one  or  two 
bore  an  extensive  burden  of  ablation  moraine,  such  as  one  finds  so  commonly  in  the  Yaku- 
tat Bay  region.  This  may  be  due  partly  to  the  lesser  friability  of  the  rocks  in  the  valleys 
throu^  which  the  Prince  William  Sound  glaciers  flow,  but  it  is  partly  due  and  perhaps 
mainly,  to  the  fact  that  the  glacier  ends  are  not  subjected  to  the  long-continued  wastage 
of  the  stagnant,  piedmont  condition.  That  the  latter  is  the  main  reason  is  suggested 
by  the  fact  that  the  piedmont  bulbs  of  the  Miles,  Allen,  and  many  other  glaciers  of 
the  Copper  River  whose  debris  supply  is  from  rocks  of  similar  character  to  those  of  the 
Prince  William  Sound  r^on  are  mantled  with  ablation  moraine  like  that  upon  the 
glaciers  of  Yakutat  Bay. 

Causes  of  Recent  Advances.  As  is  fully  stated  in  earlier  chapters  some  of  the  glaciers 
of  Yakutat  Bay  have  undei^one  a  remarkable,  recent,  spasmodic  advance  and  transforma- 
tion, which  we  believe  to  be  the  result  of  an  impulse  originating  in  sudden  and  unusual 
accession  of  snow  in  the  glacier  reservoirs  during  the  severe  shaking  which  accompanied 
the  earthquakes  of  September,  1899.  No  similar  recent  advance  and  transformation 
was  observed  in  the  glaciers  of  Prince  William  Sound,  but  Childs  Glacier  on  the  lower 
Copper  River  had  a  similar  episode  in  1910. 

The  recent  advance  of  the  Columbia  and  14  other  Prince  William  Sound  Glaciers  is 
not  in  the  same  class  with  the  advance  of  the  9  ice  tongues  of  the  Yakutat  Bay  region, 
either  in  rate  of  change  or  extent  of  the  transformation.  The  recent  advance  of  the 
Prince  William  Sound  glaciers  may  have  been  a  response  merely  to  minor  variations  in 
climate;  or  it  may  be  a  response  to  some  period  of  slight  earthquake  shaking  in  the 
Chugach  Mountains.  Upon  this  question  it  is  at  present  impossible  to  speak  with  more 
definiteness,  for  we  have  a  very  limited  series  of  observations  of  these  glaciers.  That 
the  period  of  advance  and  recession,  and  that  the  extent  and  degree  to  which  these  varia- 
tions take  place,  are  different  in  the  two  r^ons  is  to  be  expected. 

In  order  that  the  explanation  of  the  variations  may  become  established  it  is  important 
that  we  have  data  covering  a  long  period  of  years.  At  present  our  difficulty  is  the  brief- 
ness of  the  period  of  observation,  and  the  fact  that  we  do  not  have  a  larger  basis  for 
comparison.  When  this  work  has  covered  a  wider  area  and  a  greater  number  of  years 
the  Alaskan  glaciers  may  be  expected  to  give  answers  to  some  of  the  glacial  problems  not 
only  of  local,  but  of  widespread  and  even  general  interest.  Their  activity  and  variability, 
their  vastness  and  variety  of  form  lead  one  to  expect  important  results  as  an  outcome 
of  connected  study  of  their  characteristics  and  behavior. 

THE  END 
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Coast  and  Geodetic  Surv^,  2, 5, 8, 17, 48^  217, 218, 
224,  249,  250,  254-256,  257,  290,  368,  870,  888, 
884,  886,  387,  465,  470,  474. 
Coast  Pilot,  217. 
Codinine  Bay,  351,  368-369. 
College  Fiord,  235,  296-318,  349. 
Collier,  A.  J.,  20. 
Columbia  Glacier,  14,  198,  195,  196,  214,  239,  240, 

253,  257-288. 
Colombo  Glacier,  11. 
Concoidia  Glacier,  857,  359. 
Confluence  step,  342,  357. 
Consequent  glaciers,  15. 
Contact  Glacier,  371. 
Continental  ice  sheets,  light  on,  22. 
Continental  shelf,  glaciation  of,  477-478. 
Cook,  Frederidc,  16. 
Cook,  James,  382. 
Copper  Center,  316,  317. 
Copper  Glacier,  12. 
Copper  River,  388,  409,  413,  431-432,  446. 

alluvial  slope  west  of,  463-464. 

deposits  of,  461-462. 

depth  of,  459. 

details  regarding,  459-461. 

fiord,  458. 

glaciers  and  glaciation  of,  232-236,  451-469. 

glaciers  near  headwaters  of,  11,  15. 

glaciers  of  lower,  13,  232-236,  389-450. 

grade  of,  452,  457. 

summary  of  glaciation  of,  468-469. 

velocity  of,  459,  460. 

volume  of,  460. 

width  of,  459. 
Copper  River  and  Northwestern  Railway,  404,  405, 

419,  433,  438,  445,  457,  464-465. 
Copper  River  canyon,  282,  234,  414,  439. 

between  Chitina  and  Tasnima  Rivers,  451-456. 

between  Tasnuna  River  and  Childs  Glacier, 
456-458. 

extent  of  glader  studies  in,  235-236. 

general  view  of  glaciers  of,  232-236. 

geology  of,  233. 

readvance  of  glaciers  of,  484. 

south  of  Childs  Glacier,  458. 
Copper  River  delta,  232,  234,  394,  458-466. 

gkiders  near,  389-394. 

submergence  at,  462-463. 
Coibin  Glacier,  237,  240,  248,  249. 
Cordova,  234,  386,  480. 
Cornice  glaciers,  198-199. 


Corser,  Caleb,  433,  445. 

Cotterell  Glacier,  371,  374. 

CoviUe,  F.  v.,  53,  278,  320. 

Coze  GUder,  320. 

Crammer,  Hans,  226. 

Cross  Sound,  glaciers  near,  9. 

Crescent  Glacier,  296,  308,  309,  311. 

Culmer,  H.  L.  A.,  399. 

Culross  Island,  472,  478. 

Cuhoss  Passage,  351,  369,  370. 

Curtis,  E.  C,  259,  308,  321. 

Curtiss,  F.  H.,  14. 

Gushing,  H.  P.,  7. 

Cyde  of  diange  in  Galiano  Glacier,  89. 

D 

Dadina  Glacier,  12. 

DaU,  W.  H.,  2, 10, 14, 17, 18, 19,  20,  47,  48,  416. 

Dalton  Glacier,  93. 

Dalton,  John,  93. 

Dartmouth  Glader,  296, 308, 309, 312, 313. 

Davidson,  George,  2,  5,  6,  7,  8,  13,  17,  18,  45,  46, 

108,  217,  233,  236,  239,  257,  289,  297,  363,  871, 

378. 
Davidson  Glader,  1,  6,  7. 
Davis,  W.  M.,  218. 
Dawes  Glader,  3,  4. 
Dawson,  G.  M.,  3, 18, 19,  20,  477,  478. 
Days  Harbor,  gladers  of,  14. 
Ddta,  in  Seal  Bay,  rate  of  growth,  159. 
Ddta,  of  Copper  River,  458-466. 
Ddta  River,  gladers  near,  16. 
Ddtas,  soundings  near,  224. 
de  Margerie  Glacier,  8. 
Denver  Glader,  6. 
Deposits,  marginal,  211-212. 
Deposits  of  piedmont  gladers,  226. 
Detached  Glacier,  319,  332,  333. 
Detached  ice,  of  Miles  Glacier,  425. 
Devils  Thumb,  gladers  near,  3. 
Dewey  Creek,  hanging  valley  near,  452. 
Dezadeash  valley,  194. 
Diastrophic  hypothesis,  195. 
Didcey,  W.  A.,  16. 
Dirt,  or  Mud  Glader,  3. 
Dirty  GUder,  319,  335-336. 
Disenchantment  Bay,  25. 

soundings  in,  218. 
Dixon,  explorations  by,  217,  382. 
Donjek  River,  gladers  near,  11. 
Doroshin  Glader,  14. 
Downer  Glader,  299,  300. 
Drif  tless  area,  near  Alaganik,  466-467. 
Drif  tless  area,  on  Hinchinbrook  Island,  476-477. 
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Drop  Glacier,  12. 
Dumu  Robert.  12, 16. 


E 


Ea^e  Glacier,  5. 

Eaglek  Bay,  206. 

Eakin,  H.  M.,  18,  20. 

Ear  Mountain,  gladation  of,  20. 

Earthquake  advance  theory,  168-107. 

Earthquake  ayalanche  supply,  theory  of,  180-181. 

Earthquake  avalandiing,  80,  200. 

Earthquake  hypotheses,  untenable,  170-180. 

Earthquake   hypothesis,    application     to     former 

greater  expansion  of  leaders,  104-107. 
Earthquakes,  5,  0, 178,  228,  281,  287,  340,  411,  412, 

484,485. 
effect  on  glaciers,  38,  140-141,  172,  108,  816- 

318. 
Egerton,  H.  G.,  6,  8. 
Eldridge,  G.  H.,  6, 16. 
Elevated  beadies,  222. 

Elevation  and  tilting,  hypothesis  of,  178-170. 
Eliot,  Charles  W.,  208. 
Eliot  Glacier,  208. 
Elisa,  Don  Frandsoo,  280. 
Ellamar,  234. 
Ellis,  Carlyle,  300. 
Elrington  Island,  473. 
Elrington  Passage,  473, 474. 
Emerson,  B.  K,  233. 

Endicott  Arm  of  Holkham  Bay,  c^aciers  in,  4. 
Endicott  Mountains,  extent  of  gladation  in,  1,  10, 
Eskers,  origin  of,  227. 
Esker  Stream,  71. 

Esther  Island,  gladation  of,  341,  472. 
Esther  Passage,  206. 

F 

Fairbanks  district,  gladation  near,  18. 
Fairfield  Harbor,  gladers  of,  14. 
Fairweather  Range,  26. 

earthquake  avalanching  in,  103. 

glaciers  east  of,  7. 

gladers  on  Pacific  coast  of,  0. 
Fallen  Glader.  166-167. 
Falling  Glader,  374. 
Ferebee  Glader,  5. 
Femow,  B.  E..  238,  347. 
Pickett,  F.  W.,  302. 
Pickett  Glader,  302,  467. 
Fidalgo,  explorations  by,  235,  280,  382. 
Fidde  Glader,  16. 
Fiiippi,  Filippo  de,  40. 
Finsterwalder,  S.,  176,  182,  318. 
Fiord,  filled  by  deposition,  387-388. 


Fiords,  4,  216-221,  255,  284-285,  203-206,  309- 
312,  341-842,  357-358,  367-568,  883-884,  9S&- 

887,  458,  472-475,  483. 
Fish  Conmdssion,  0, 10,  03, 100, 114. 
Flag  Point,  precipitation  at,  412. 
Fleishmann  Glader,  16. 
Flemming  Island,  473,  470. 
Flood  Glacier,  3. 
Florence  Peak,  282,  235,  262. 
Flowage  and  fracture  in  ice,  184. 
Flowage,  aone  of,  444. 
Forel,  A.,  318. 

Forest  on  Malaspina  Glader,  44. 
Forest  Service,  468. 
Fort  Uscum,  precipitation  at,  176,  234,  235,  237» 

816,  317. 
Fosse,  148-140, 156, 150. 
Foster  Glacier,  5. 

Fourth  Glader,  11,  84, 160-164,  202,  227. 
Fracture  and  flowage  in  ice,  184. 
FVederidc  Sound,  gladers  near,  8-4. 

gladal  erosion  in,  4. 
Frederika  Glader,  12, 102. 

advancing  ice  tongue  near,  108. 
Fremantle  Glader,  257. 


Gakona  Glacier,  15. 

Galiano  Glader,  24,  80-00, 160, 172,  177,  170,  204, 
205,  207,  210,  228. 

Gannett,  Heniy,  37,  115,  137,  141,  146,  147,  151, 
233,  236,  207,  200,  307-310,  310,  820,  822,  824, 
328,  332,  383,  334. 

Garrison  Glader,  6. 

Gdkie  Glader,  7. 

Geological  Survey,  U.  S.,  21,  23. 

Gerdine,  T.  G.,  16,  236,  242. 
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Gladal  deposits,  285-286,  312-313,  343-346,  358- 
360,  384,  461-462,  470-480,  483-484. 
submerged,  221-225. 
vegetation  in,  227. 

Glacial  drift,  section  near  Columbia  Glader,  286. 

Glacial  erosion,  4,  226,  284-285.  203-206,  309-312, 
341-343,  357-358.  367-368,  383-384,  386-387. 

bdow  sea  levd,  140,  216-221,  284-285,  206, 
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hd^t  of,  tae.  Ml.  S83,  386,  US.  ua,  «», 
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of  Aluka,  ao-«I. 
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formo'  expanaioD  of  glkden  in,  lU. 
Glacier  flood  liTpotlieni,  sg,  108-197. 
Glacier  highwari,  11,  1S6,  IW.  Ml,  S6t. 
Gladen.  advaneuig,  37-M,  U-IS,  51,  54-57,  M. 
71-78.  84-66.  98,  08-100,  110-113, 119-121,  1S9- 
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■outliemmost  aeea  from  steamer,  4. 

tennini,  201-204. 

Glave.  E.  J..  10. 

Gknn.  E.  P..  IS,  14.  tS8,  294.  297,  SOO,  807,  319, 
381,  322,  340,  851,  SOS,  300,  370,  375,  S7B,  879. 

Goode,  R.  U.,  2. 

Goodwin  Glacier,  398-803,  468. 

Gnben  faulting,  478. 

Grand  CanTon  of  the  Cotondo,  compariaan  with, 
461. 

Giaod  Pacific  Glader,  7,  8, 10,  100, 193. 

Gnnd  Plateau  Glader,  10. 

Grant,  U.  S.,  15,  833,  236,  237.  243,  247.  850,  251, 
252, 854,250,  203. 284. 805,866, 287, 2S8, 880.870, 
278,878, 870,285,288, 887. 200, 291,297. 898. 290, 
301,  308.  307,  308,  311,  314,  380,  323,  384.  988, 
320,  330.  338,  833,  334,  335,  336.  337,  838.  940. 
348.  845,  348,  351,  354,  355,  356,  300.  861,  368, 
363,  365,  369,  370,  971,  872,  373,  974,  875,  878, 
377,  870.  380,  381,  383.  884,  885,  388,  380,  451, 
469,  472.  473,  474,  477,  478,  470,  480. 

Gravels,  aee  index  under  outwaah. 

Great  Glacier  ol  the  Stikine  Riyer,  3. 

Greely,  A.  W.,  2,  5,  250. 

Green  Island,  48B,  479. 

Grewingk  C,  235,  306,  416,  428,  440. 

Grewinf^  Glader,  14. 

Grinnell  Glaoer,  411,  418.  414,  415,  434-488,  445, 
467. 


Gulkana  Ghwier,  16. 

Gnyot  Glader,  41,  48,  40,  60,  61. 


Haenke  Glader,  M-101,  169,  172,  178,  182,  164. 

187. 
Hamaton,  E.  G.,  3B3. 
HanagiU  valley,  454. 
BanagiU  Watogap,  454,  455. 
Hanging  Glacier,  148, 144. 
Hanging  valleya,  802,  819-881,  858.  254,  203,  805. 

909-810,  842.  367.  880.  803.  486,  450,  458,  458, 

467,  468,  472,  476. 
Bairinuui  Expedition,  8,  9,  14,  20.  23,  38.  87,  58, 

146^  161.  150.  21S,  817.  886.  850,  287,  268,  8»T. 

801,  302,  308.  380,  328,  328,  888,  890,  398,  334, 

335. 
Harriman  Floid,  235,  31B-350. 

amaUcT  gladen  of.  336-837. 
Harriman  Glacier,  910,  320,  334-836,  381. 
Harvard  Glader,  14,  M8,  898-809,  807,  809,  381. 
Bamrd  Univeid^,  298. 
Harvey  Glader,  16. 
Hawkina,  E.  C.  899,  414,  487,  482. 
Hawkim  laland  Cut-off,  476. 
Hawkins  Island,  gladation  of,  881,  480. 
Hayden  Glader,  48-43,  58, 75. 
Hayoi  C.  W.,  4,  11,  12,  18,  20,  21,  102,  238,  886, 

397,  400.  417,  419.  420,  434,  435,  487,  441,  470. 
H^cs  Glader,  10. 
Headwater  Bronon.  464. 
Hegg,  E.  A.,  899,  400.  419,  420,  486,  487. 
Hello  Bay,  gladen  near,  17. 
Hendriduon  Glacier,  1«6, 166, 109, 172. 
Heney  Glader,  206,  810.  411,  418,  430,  445,  4M- 

458.  467,  460. 
Hertiert  Glader,  6. 
HeiTon  GladcT.  16, 
Herron,  J.  S.,  18, 351,  308. 
Henhey,  O.  H.,  10. 
Hesa,  H.,  182. 
Hidden  Glacier,  10,  11,  108. 148-16B,  106, 171, 172. 

170.  182,  183,  181,  187,  103.  104,  lOS.  197,  201. 

803,  227,  230. 
Biggins.  D.  F.,  IS,  2SS,  836.  243,  851.  254,  250.  864, 

205,  266.  209,  270,  27B,  885,  886,  287,  290.  897. 

290,  307,  308.  811,  320,  323.  324,  388,  389.  330, 

832,  333.  334,  335,  837,  340,  842,  345,  848,  351, 

865,  358,  360,  981.  363,  366,  880,  970.  371,  878. 

874,  375,  376,  377.  380.  381,  883,  384,  386.  380, 

451,  469,  472,  473,  474.  477,  478,  470,  480. 
HiggiosoD.  Ella,  5,  250. 
HiU,  C.  E..  11. 
Himalayas,  advance  of  glaciers  in,  188,  191. 
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Hinchinbrook  Entrance,  475,  477. 
Hinchinbiook  Island, 

drifUess  area  on,  476-477. 

gladation  of,  381-382,  469,  480. 
Hobbs,  W.  H.,  391. 
Hodzana  Highland,  gladation  of,  19. 
Hogback  Glacier,  237. 
Holkham  Bay,  glacier  in,  4. 
Holt,  C.  G.,  396. 
Holyoke  Glacier,  300,  306. 
Hoodoo  Island,  473. 

Hubbard  Glacier,  11,  101-115,  171,  172,  173,  188, 
194,  196,  197,  201,  202,  203,  204,  212,  213,  215, 
216,  221,  222,  230. 
Hugh  MiUer  Glacier,  7. 
Hunter,  J.,  3. 
Hutli  Bay,  icebergs  in,  4. 
Hypothesis,  glacier  flood,  184-187. 

of  dimatic  variation,  175-178. 

of  elevation  and  tilting,  178-179. 

of  Gilbert,  dimatic,  192. 

of  response  to  ablation,  178. 

of  submergence,  195. 

untenable  earthquake,  179-180. 


Icebergs,  3,  94,  102-103,  136,  212-214,  216,  267, 
405,  430,  478. 

Icebergs,  evidence  of  conditions  in  bottoms  of  gla- 
ciers from,  188-189. 

Iceberg  waves,  213,  397,  401-405. 

Ice  blocks,  buried,  227H228. 

Ice  flood  hypothesiB,  168-197. 

Ice  jam  of  June,  1910,  214-216. 

Icy  Bay, 

of  Prince  William  Sound.  235,  374-380. 
the  new,  50-51,  216. 
the  old,  45,  46. 

Icy  Strait,  gladers  near,  9. 

Tliamna  Lake,  gladers  near,  17. 

Innoko  district,  gladation  in,  18. 

Interior  flats,  62,  76,  78-79,  118-119,  123,  124-125, 
ISO,  209-211,  434,  436-437.  442-443,  448-449. 

International  Boimdary  Surveys,  see  Boundary  Sur- 
vey. 

International  Committee  on  Gladers,  181-182. 

International  Geological  Congress  excursion,  8,  24, 
96,  103,  lis,  140,  159,  219. 

Islands  of  Prince  William  Sound,  gladers  on,  380- 
382. 

Isostasy,  479. 

J 

Jacksina  Glacier,  12. 

Jftgger,  T.  A.,  18. 


Jarvis  Glader,  6. 

Johansen,  A.  O.,  259. 

John  River  valley,  dying  glader  in,  19. 

Johns  Hopkins  Glader,  7. 

Johnson,  A.  O.,  236,  393,  399,  401,  402.  403,  430, 

431,  432,  460. 
Johnson,  B.  L.,  383. 
Johnson  Glader,  393-394. 
Johnstone,  Lieut.,  235,  364,  382. 


Kahiltna  Glader,  16. 

Kame  moraine,  150. 

Kames,  227. 

Ejiskawulsh  Glader,  11,  101,  194. 

Katmai  Pass,  gladers  near,  17. 

Katz,  F.  J.,  14,  17. 

Keder,  Charles,  233. 

Keen,  Dora,  12. 

Kdly,  L.  S.,  351,  363. 

Kenai,  316,  317. 

Kenai  Mountains,  232,  371. 

Kenai  Peninsula,  gladers  of,  14-15. 

Kennicott  Glader,  12,  411. 

Ketties,  149-150, 151, 156, 163. 

Ehromtchenko,  Lieut.,  108. 

Kialagvik  Bay,  gladers  near,  17. 

Kigluaik  Mountains,  gladation  of,  20. 

Killisnoo,  predpitation  at,  176. 

Kings  Glader,  374. 

Klondike  district,  gladation  near,  18. 

Klotz,  Otto,  3,  4,  5,  8,  9,  10. 

Klutena  Glader,  238. 

Klutlan  Glader,  11. 

Kluvesna  Glader,  12. 

Knapp  Glader,  6. 

Knight  Island,  469,  473. 

gladers  on,  380. 
Knight  Island  Passage,  472,  474. 
Knik  Glader,  13,  14,  319. 
Knob-and-basin  topography,  285. 
Knopf,  A.,  5,  9,  IS,  14,  15. 
Kobuk  River,  gladation  of,  19. 
Kodiak  Island,  gladation  of,  14. 
Koehler,  R.  A.,  397,  418,  419. 
Krause,  Arthur  and  Aurel,  6. 
Kuskokwim  valley,  gladation  in,  18,  21. 
Kuskulana  Glader,  12. 
Kwik  River,  43,  56,  227. 


La  Goroe  Glacier,  446,  457. 

La  Gorce,  J.  O.,  446. 

Lake  Clark,  gladers  near,  17. 
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Lake  Tandemann,  glaciers  near,  6. 

Lakes,  margmal  222-228,  279,  283,  44&-M9. 

Lamplugh,  G.  W.,  7,  8. 

Langdon  Glader,  374 

La  Perouse  Glacier,  9, 193. 

La  Perouse,  Captain,  10,  217. 

Lateral  morames,  313,  325-327,  328,  329. 

LatoQche  Island,  gladation  of,  381,  473,  475,  480. 

Latouche  Passage,  473,  475. 

Lava  flows,  near  Blue  River,  3. 

Lawrence  Glacier,  356,  359. 

Leamard  Glader,  365,  366. 

Leamaid,  H.  G.,  351,  363,  365. 

Le  Blondeau  Glacier,  6,  7. 

Le  Conte  Glacier,  3,  4. 

Leduc  River,  glaciers  near,  2. 

Lemon  Creek  Glacier,  5. 

Leslie  Glacier,  6. 

Lewis,  W.  B.,  37,  244,  259,  308,  399,  420. 

Libbey  Glacier,  51. 

Libbey,  William,  47,  48. 

Lion's  Head  Mountain,  glaciers  on,  5. 

Little  Glacier,  of  Stikine  River,  3. 

lituya  Bay,  glaciers  in,  10,  193. 

Live  Glacaer,  257. 

Llewellyn  Glacier,  5. 

Lobes  of  Malaspina  Glacier,  41-42. 

Loess,  456. 

Logan  Glacier,  12,  193. 

Lone  Island,  469. 

Long  Bay,  296. 

Long  Glacier,  12. 

Lowe,  Lieut.,  236. 

Lowell,  A.  Lawrence,  298. 

Lowell  Glacier,  298. 

Luda  Glacier,  59-69,  170,  171,  172,  17&-179,  185, 

187,  201,  204,  205,  210. 
Lynn  Canal,  gladers  east  of,  5-6. 

glaciers  near  head  of,  6. 

glaciers  west  of,  6-7 

M 

McCarty  Glacier,  165,  166,  169,  172. 
McConnell,  R.  G.,  11,  18,  194,  195. 
licCune  Glacier,  447,  450. 
McGOlivray,  Capt,  216. 
MdOnley  Lake  Glacier,  467. 
McPherson  Glacier,  393,  467. 
McPherson,  J.  L.,  393,  398,  400,  402. 
Maddren,  A.  G.,  10,  12, 18  19,  233. 
Mahk),  Emil,  236,  241,  250,  257,  383. 
Malaipina,  Don  Alessandro,  exploration  by,  108. 
soundings  by,  217,  218. 


Malaspina  Glacier,  32-33, 41-58, 170, 172, 178, 180, 
183.  184,  186,  192,  193,  201,  204,  205,  225. 

area  of,  41. 

eariy  observations  of,  45. 

later  observations  of,  48Hk9. 

native  legend  of  advance  of,  47. 

possible  great  advance  of,  45-48. 

relations  to  snow  line,  43. 

Topham's  map  of,  50. 
Manson,  M.,  6. 
Marginal  deposits,  211-212. 
Marginal  drainage,  63, 154-155,  271,  278,  282,  336, 

360,  405,  419,  441-442,  446. 
Marginal  lake  in  Russell  Fiord,  222. 
Marine  shells,  274,  279,  287. 
Marquette  Glader,  356,  359. 
Martin,  G.  C.  13, 14, 17,  394,  463,  468,  478. 
Martin  River  Glacier,  13,  394,  463. 
Marvine  Glacier,  42,  53-58,  169,  170,  172,  178, 

179,  180,  183,  184,  207,  227. 
Marvine  lobe  of  Malaspina  Glacier,  53. 
Matanuska  Glacier,  13,  14,  298. 
Mathys,  P.,  14. 
Meade  Glader,  5. 
Meaies,  Capt.,  382. 
Meares  Glader,  289,  292,  308,  317. 
Medial  moraines,  indined,  298. 
Meehan,  Thomas,  7. 
Meiklejohn  Entrance,  475. 
Mendenhall  Glacier,  5,  6. 

Mendenhall,  W.  C,  12, 13, 15, 16, 18, 19,  233,  297, 
299,  307,  312,  320,  321,  344,  351,  355,  362,  363, 
366,454. 
Mentasta  Mountains,  gladers  of,  15. 
Merriam,  C.  Hart,  236,  308,  310,  320,  323. 
Middleton  Island,  477,  478. 

Miles  Glader,  205.  210,  393,  395,  412,  413,  414- 
434,  467,  468,  469. 

predpitation  at,  412. 
Miles  Lake.  424-425. 
MiUer.  C.  R.,  98. 
MiUer  Glader,  98-99,  172. 
Milton  Glacier,  357,  359. 
MOwaukee-Downer  College,  300. 
Mississippi  River,  comparison  with,  460. 
Mitkof  Island,  ddta  built  by  gladal  stream  near,  3. 
Moffit,  F.  H.,  12,  15,  16,  20,  234,  236,  399,  419, 

429,  434,  487. 
Montague  Island,  gladers  on,  381,  469,  477,  479. 
Montague  Strait,  475. 
Moraine  bars,  294,  295,  312,  313,  328,  344.  345, 

346.  358-359.  475. 
Moraines,  ablation.  205-211. 
Moraines  below  sea  level,  277-278,  294-295. 
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Momiiie  temoeB,  818. 

Morse,  Fremont,  8,  8, 10,  27, 160. 

Moantains,  relatioii  to  glacien,  1. 

Mt  Blackburn,  glaciers  on,  12. 

Mt.  CoviUe.  820. 

Mt.  Curtis,  821. 

Mt  Douj^as,  gladers  on,  17. 

Mt.  Drum,  glaciers  on,  12. 

Mt.  Emerson,  820. 

Mt.  Fairweather,  0. 

Mt.  Gannett,  Slo. 

Mt.  Gilbert,  282,  810. 

Mt  Grant,  298. 

Mt  Hawkins,  414. 

Mt  Hayes,  c^aciers  near,  16. 

Mt  Tliamna,  glaciers  near,  16-17. 

Mt  Isanof,  glaciers  on,  17. 

Mt  Kimball,  glaciers  near,  18. 

Mt  McKinley  region,  evaders  of,  16. 

Mt  Makushin,  glaciers  on,  17. 

Mt  Muir,  810. 

Mt  Bedoubt  gladers  near,  16-17. 

Mt  St.  Augustine,  glaciers  on,  17. 

Mt  St  Elias,  glaciers  near,  11. 

Mt  Sanford,  glaciers  on,  12. 

Mt  Sthishaldin,  glaciers  on,  17. 

Mt  Sumdum,  gladers  near,  4. 

Mt  Wrangell,  gladers  on,  12. 

Movement  of  Childs  Glacier,  rate  of,  401. 

Mud,  or  Dirt  Glader,  8. 

Muir  Glader,  6, 7, 8, 0, 76, 100, 108, 468. 

Muir,  John,  2,  8,  4,  5,  7,  8,  0, 10,  288,  847. 

Muldrow  Glader,  16. 

Muldrow,  Robert,  16. 

Murchiflon,  S.,  801,  400. 

N 

Nabesna  Glader,  12. 

Nadina  Glader,  12. 

Nagaief,  explorations  by,  285,  416. 

Naked  Island,  469. 

Nassau  Fiord,  875. 

Nellie  Juan  Glader,  871-872,  878. 

Netland,  L.,  10. 

N^v^sheatlied  slopes,  800,  384,  361,  446. 

Nisqually  Glader,  396. 

Nizina  Glader,  12. 

Nordenskiold,  A.  E.,  19. 

Norris  Glader,  4,  5. 

Northland  Glader,  857,  859. 

Nuchek,  predpitation  at,  284. 

Nuka  Bay,  gladers  of,  14. 

Nunatak  Fiord,  25,  218,  221. 


Nunatak  Glader,  10,  11,  108,  100,  181-141,  144» 
168,  171,  172,  108,  104,  106,  107,  100,  200,  fOl, 
202,  208,  204,  212,  216,  227,  280. 

Nunataks,  62,  65,  282-288,  460,  472,  476. 

Nutdiek  Island,  475. 

Nutcotin  Mountains,  glaciers  of,  15. 


O 
O'Connor  Glader,  11. 
Qgilvie,  N.  J.,  8, 140, 141. 
Oklune  Mountains,  gladers  in,  10. 
(TNeel,  A.  C,  805,  800. 

Orange  Glader,  107, 116, 120-128, 107,  200,  ftf. 
Orca  Bay,  gladation  of,  885-888. 
Orca  Inlet,  gladation  of,  885-888,  458,  465,  476. 
Orca,  predpitation  at,  284,  412. 
OrldiMtr  Glader,  8. 
Osgood,  W.  H.,  17. 
Outwash  gravels,  227,  818,  426,  448,  452,  455,  457, 

458,  450,  461HM2,  468-464,  480. 
Overii4>ping  spurs,  truncated,  458. 
Overridden  gravels,  151-152,  166. 


Pacific  Mountains,  gladation  of,  21. 

evaders  in,  1. 
Paige,  Sidney,  18, 14,  207,  802,  820,  828,  8f4,  890. 

8S5, 886,  887. 
Paladie,  Charles,  288,  281. 
Parker,  H.  C,  16. 
Passage  Canal,  285,  851-860. 
Patterson  Glacier,  8,  4, 108. 
Pavlof  Mountain,  gladers  on,  17. 
Peak  Island,  469. 
Pedro  Glader,  202,  203,  295. 
Pdagrini,  Joseph,  51. 
Penck,  A.,  228. 
Peneplain,  477. 

Perkins,  G.  W.,  370.  375,  876,  377. 
Peny  Island,  469. 
Peters  Glader,  16. 
Peters,  W.  J..  19. 
PetrofiP,  Ivan,  2,  235,  240,  259,  287,  351,  868,  864, 

383. 
Piedmont  bulbs,  81,  204-205,  225,  226,  254,  290, 

415,  484-485. 
Piedmont  gladers,  44-45,  49,  59,  225,  226,  484-485. 
Piedmont  Glader  of  Prince  William  Sound,  469- 

470. 
Pigot  Glader,  889,  340. 
Pitted  plains,  149-150,  158,  159,  227. 
Pleistocene  gladation,  20. 
Plucking,  341,  457. 
Point  Manby,  former  advance  near,  52-^58. 
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Point  Rioa,  45. 

Popoff  Glacier,  S. 

Porcupine  diatrict,  gladation  in,  6. 

Porpoise  Rodcs,  479. 

Portage  Bay,  351,  861-868. 

Portage  Bay,  cascading  glacier  in,  867. 

Portage  Glacier.  862-865. 

Port  Bainbridge,  glaciers  of,  14,  879,  478. 

Port  Didc;  glaciers  of,  14. 

Porter,  R.  W.,  16,  851. 

Porter,  W.  P.  S.,  875. 

Port  Etdies,  475. 

Port  Fidalgo,  240,  882-884. 

Port  Gravina,  884-885,  458. 

Portland  Canal,  ^aders  near,  2-8. 

PorUock,  Nathanid,  285,  870,  875,  877-878. 

Port  Nellie  Juan,  285,  870-871,  479. 

Port  Valdes,  284,  287,  254-256. 

Port  Wells,  240,  296,  889-850,  851. 

Piedpitotion.  1,  27,  175-176,  284,  816,  412. 

Prince  of  Wales  Passage,  478,  474. 

Princeton  Glader,  875,  876-877. 

Prince  William  Sound, 

cause  of  recent  advance  of  glaciers  of,  485. 

dimate  of,  284. 

comparison  with  Yakutat  Bay,  480-485. 

depth  of,  284. 

extent  of  former  gladation  in,  482. 

extent  of  glacier  studies  in  285-286. 

extent  of  present  glaciers  in,  481. 

fiords  and  islands  of  western,  472^75. 

general  description  of,  282-288. 

general  view  of,  282-286. 

geology  of,  288. 

glacial  deposits  in,  479-480,  488-484. 

^adation  of,  469-480. 

glaciers  and  ^adaUon  of,  18,  14,  282-^286. 

glaciers  of  eastern,  882-888. 

^aders  on  the  islands  of,  880-882. 

grade  of  andent  glader  of,  470. 

ice-sculptured  outlets  of,  475-476. 

lack  of  expansion  of  evaders  in,  195. 

minor  evaders  of,  870-888. 

old  rods  floor  of,  478-479. 

origin  of,  482-488. 

piedmont  leader  of,  469-470. 

recent  changes  of  levd  in,  479. 

size  and  form  of,  481-482. 

snowline  in,  285. 

tidal  gladers  in,  285. 
Prindle,  L.  M.,  18. 
Push  moraine,  154,  264,  270-274,  279,  299,  808, 

808,  818,  404,  486. 


Q 


Quillian,  C.  G.,  51. 


Rabot,  C,  818. 

Raddiffe  Glacier,  296,  299.  821. 

Rafferty,  J.  J.,  897,  898,  418,  419,  441. 

Ragged  Mountain,  gladers  near,  18. 

Railway  bridge,  relation  of  gladers  to,  404, 405,  488. 

Railway,  relation  of  Allen  Glader  to,  445. 

relation  of  gladal  streams  to,  465. 

relation  of  Grinndl  Glader  to,  488. 

relation  of  Heney  Glader  to,  448. 

relation  of  Sheridan  Glader  to,  464. 

relation  of  Spencer  Glacier  to,  464. 
Rainbow  Glader,  6. 

Rainy  Hollow,  or  Sullivan  Glader,  7,  198. 
Raised  beadies,  222. 
Ranney  Glader,  290,  292,  298. 
Rasmussen  Glader,  165, 166, 169, 172. 
Rearbum  Glader,  16. 

Recession,  rate  of,  at  Nunatak  Glader,  187. 
Reconstructed  glader,  880. 
Redoubt  Bay,  glacier  near,  17. 
Regal  Glader,  12. 
Rdd  Glader,  8,  9. 

Rdd,  H.  P.,  4,  5,  7,  8,  195,  818,  480. 
Rdd,  Maude  D.,  412. 
Rendu  Glader,  7,  8, 198. 
Rendu  Glacier,  advancing  ice  tongue  near,  198. 
Resurrection  Bay,  glaciers  of,  14. 
Rice,  J.  P.,  241. 
Rich,  J.  L.,  87. 

Ripon  Glader,  $55,  856,  857,  859,  861. 
Ritter,  H.  P.,  892. 
Roaring  Glader,  819,  886. 
Robinson  Hills,  new  Icy  Bay  near,  51. 
Rode  basins,  47(M72. 
Rocky  Mountains,  ^aders  of,  19-20,  21. 
Rohn  Glader,  12. 
Rohn,  Oscar,  12,  286. 
Root  Glader,  257. 
Round  Top,  gladers  on,  17. 
Russell  Col.,  view  from,  27-28. 
Russell  Fiord,  25. 

former  lake  in,  108-190, 194, 197,  222-228. 

small  gladers  southeast  of,  10. 

soundings  in,  218. 

submarine  moraine  in,  222-228. 
RusseU  Fiord  GUder,  194. 
Russell  Glader,  11,  12. 
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RuswU.  I.  C,  ft,S,6,6,  7, 18,  20,  ftS,  28,  81,  88,  45. 
46,  47,  48,  51,  52,  58,  59,  60,  62,  69,  71,  81,  82, 
91,  93,  96,  108,  109,  110,  114,  115,  181,  185,  186, 
141,  146,  151,  159,  174,  190,  191,  192,  200,  204, 
216,  217,  222,  226,  228,  480. 

Riusian  explorers.  217,  285,  240,  416. 

Ruth  Glacier,  16. 


Saddlebag  Glacier,  892,  467. 
St.  Elias  Raiige,|26. 

extent  of  gladation  in,  1. 
evaders  in,  6-15. 
glaciers  north  of,  11-12. 
Salmon  River,  glaciers  near,  2. 
Salzburg,  ancient  piedmont  bulb  of,  226. 
Sandbars,  466. 
Sand  dunes,  466. 
Saussure  Glacier,  6. 
Sawyer  Glacier,  8,  4. 
Schrader,  F.  C,  12,  18,  15,  19,  288,  286,  288»  241, 

242,  249,  250,  251,  252,  257,  870,  888,  884.  894, 

419,  422,  429,  480,  484,  489,  447,  450,  454,  478, 

479,  480. 
Schwan  Glacier,  18,  447,  450,  456. 
Schwatka,  F.,  6,  28,  47,  48,  51,  286,  897,  489. 
Schulze  Glacier,  5. 
Scidmore,  £.  R.,  8,  7. 
Scott  Glacier,  889,  468,  464,  465,  466,  467. 
Seal  Bay,  146,  219-220. 
Seal  Rocks,  476. 
SefstrOm  Glacier,  101. 
Sella  Glacier,  11. 
Sdla.  Vittorio.  49.  174. 
SerebrannikofiP,  explorations  by,  416. 
Serpentine   Glacier.   819,   820.    827-880.  848-849. 

850. 
Seth  Glacier.  861. 
Seton  Karr,  H.  W..  18,  47,  48,  49,  51.  870,  875, 

878.  879.  381.  890.  892.  465. 
Seward  Glacier.  42.  52. 
Seward  lobe  of  Malaspina  Glacier.  5S. 
Seward  Peninsula,  glaciers  of,  19. 
Shainwald  Glader.  16. 

Shales,  relation  to  submarine  glacial  deposits.  225. 
Sheep  Bay.  glaciers  of.  886.  458. 
Sheldon.  Charles.  5. 
Shephard  Glacier.  885-886.  389.  466. 
Sheridan  Glacier.  389-391.  463.  464.  465.  466.  467. 
Sherman  Glacier.  391.  392. 
Shields.  Archie,  446. 
Shields  Glacier.  446.  450.  457. 
Shoup  Glacier.  193.  237.  238.  239.  240.  249-254, 

262,817. 


Signal  Mountain,  476. 
Similar  folds,  444. 
Simonstad,  Chariet,  241. 
Simpson  Bay,  glaciers  of,  886. 
Simpson,  Sir  Geoige,  8,  6. 
Sinking  of  the  land,  479. 
Sitka,  earthquakes  at,  198. 

evaders  near,  9. 

precipitation  at,  175,  176. 
Sitkagi  Bluffs,  42. 

Situk  River,  former  lake  at  head  of,  108. 
Skagway,  gladers  near,  6. 
Slims  River  Glacier,  11. 
Slope  Glacier,  18. 
Sloughing,  of  Childs  Glacier,  402. 
Smith  Glacier,  800,  801-302. 
Smith,  P.  S.,  19,  20. 
Snowfall,  see  index  under  precipitation. 
Snow  fan,  380. 
Snow-line  in  Harriman  Fiord,  319. 

in  Prince  William  Sound,  285. 

in  Yakutat  Bay,  199. 

on  Hayden  Glacier,  48. 
Snug  Harbor,  glaciers  near,  17. 
Softuk  Bar,  466. 
Sould  Glader,  2. 
Southern  Glader,  14. 
Spasmodic  advance 

of  Childs  Glader  in  1910,  402Hk09,  411. 

of  gladers  in  other  ports  of  Alaska,  108. 

of  Rendu  Glader  in  Gladcar  Bay,  8. 

of  Yakutat  Bay  gladers,  168-174. 
Spedal   problems   in    the    Yakutat    Bay    regioo 

204-225. 
Speel  River,  glaciers  near,  8,  4. 
Spencer,  A.  C,  12.  233.  236.  242.  384.  394.  898, 

419.  429.  434.  435,  437,  454.  477.  478.  480. 
Spencer  Glader.  464. 

Spirit  Mountain.  Copper  River  Canyon  near.  451. 
Spitzbergen.  advance  of  gladers  in.  168.  191. 
Spurr.  J.  E..  6.  16,  17,  18.  19.  21. 
Stacks.  458.  466. 
Stanley-Brown.  J..  19. 
Steiner.  J.  H..  241. 
Stephens  Passage,  glaciers  near.  3-4. 
Stikine  River,  gladers  near.  3. 
Stone.  Fred.  399. 
Stoney  Glader.  16. 
Stuck.  Archdeacon.  16. 
Stutfield  Glader.  191. 
Submarine  basins.  470-472. 

Submarine  glacial  deposits  221-225,  887-888,  474. 
475. 
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Submarine  glacial  eronon,  810-812,  857-868,  887- 
868,888-884. 

Submerged  hanging  valleys,  219-^1,  fUO,  285, 
298,  812,  848,  858,  884,  886,  471,  478,  475,  488. 

Submergence,  indicated  by  vegetation,  462-468. 

Subsequent  glacier,  15. 

Subsequent  stream,  454. 

Sumdum  GUuner,  8. 

Summary  of  advances  of  glaciers  since  1890  earth- 
quakes, 172, 198. 

Sunrise,  precipitation  at,  816,  817. 

Surprise  Glacier,  819,  820,  881-888,  850. 

Swiss  glaciers,  compared  with  Hubbard  Glader, 
101, 102. 

Switcerland,  advancing  {^aciers  in,  191. 


Taiya  Inlet,  gladers  near,  6. 

Takhin  Glacier,  6,  7. 

Tkku  Glacier.  4-5, 198. 

Taku  Inlet,  glaciers  of,  4-^5. 

Taku  River,  glaciers  near,  4. 

Talkeetna  Glacier,  14. 

Talkeetna  Mountains,  glaciers  of,  14,  451. 

Talus  cones,  457. 

Tana  Glader,  18. 

Tanana  River,  gladers  near,  11. 

Tanana  vall^,  gladation  near,  18. 

Tasnuna  valley. 

Copper  River  canyon  near,  451-458. 

glaciers  of,  450. 

Vegetation  near,  467. 
Tatitlek  Narrows,  884. 
Taylor  Glader,  874. 
Tazlina  Glader,  18, 14,  262. 
Tdbay  River,  454. 
Tebenkof  Glader,  852-855,  861. 
Tebenkof.  Michael,  8, 14,  45,  108,  217. 
Temperate  dimate,  gladers  in,  22. 
Terminal  moraine,  411^-418,  424,  425,  448,  448. 
Terraces,  478-479. 

in  rock,  458-454. 
Theory  of  advance  of  gladers,  in  response  to  earth- 
quake shaking,  168-197. 

of  earthquake  avalanche  supply,  180-181. 
The  Peninsula,  454. 
Third  Glader,  11. 
Thomas,  exploration  by,  489. 
Through  gladers,  28, 181,  160,  200,  201,  891. 
Through  valley,  867. 
Thunder,  or  Hutli  Bay,  icebergs  in,  4. 
Tidal  ddta,  888. 
Tidal  gladers,  208-204,  285. 

southernmost  in  Alaska,  8. 


Tiekd  River,  Copper  River  canyon  near,  451. 

Tiger  Glacier,  875,  876,  877,  880. 

Tiger's  Tail  Gbider,  875,  876,  877. 

Tilting  and  devation,  hypothesis  of,  178-179. 

Toboggan  Glader,  142,  819,  887-889,  848-849,  850. 

Tokichitna  Glader,  16. 

Tommy  Glader,  297,  808,  809. 

Topham,  H.  W.,  28,  46,  47,  48,  50,  51, 109. 

Tracy  Arm  of  Holkham  Bay,  gladers  in,  4. 

Triangular  facets,  298. 

Tumagain  Arm,  route  across  glacier  from  Prince 

William  Sound  to,  864. 
Turner  Gbider,  98-97, 171,  172,  194,  197,  208,  204, 

212,  221,  280. 
Tuzedni  Harbor,  gladers  near,  17. 
Twin  Gladers,  4,  5. 
TVndaU  Glader,  41,  49,  50. 
T^rrdl,  J.  B.,  18. 

U 

Ultramarine  Glader,  371,  872-878. 

Unakwik  Inlet,  285,  289-296. 

Underwood,  John*  899. 

Unimak  Island,  gladers  on,  17. 

United  States  government  bureaus,  see  index 
under  Geological  Survey,  Coast  Survey,  Boundary 
Survey,  Fish  Conmussion,  Weather  Bureau, 
Forest  Service,  etc. 

Unuk  River,  gladers  near,  2. 

U-shaped  canyon,  452. 


Valdez,  284,  287,  247. 

predpitation  at,  176,  412. 
Valdes  Fiord,  gladation  of,  254-256. 
Valdes  Glader.  198,  286,  287-249.  258,  262,  817. 
Valley  gladers.  199-200. 
Valley  train,  468. 
Van  Cleve  Glader,  418,  420. 
Van  Cleve.  J.  R.,  420. 
Vancouver.  George,  5,  6.  7.  8.  10.  14,  45.  108.  285, 

239.  257.  290.  297,  307,  319.  321.  351.  361,  362, 

363.  364.  368.  370,  875.  876.  878,  879,  479. 
Van  Hise.  C.  R..  444. 
Variegated  Glader.  106.  115-126.  127.  169.  170, 

172.  184.  186.  187.  194.  197.  204.  206.  209.  210, 

211,  222.  227. 
Vasilieff.  exploration  by.  17. 
Vassar  Glader.  800,  803-305. 
VegeUtion,  rdated  to  gladers.  61.  77.  82,  206-207, 

227.  271-274,  287.  813-315.   346-350,  860-861, 

379-380.  421-422.  426,  427,  485,  442,  448,  449» 

467-468. 
indicating  submergence,  462-468. 
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Vemagt-Femer  Glacier,  168, 176-177, 18«.  191. 
Viflcoaity  in  ice,  79, 184-185, 186, 187-189, 204,  444. 
Volcftn  de  Fidalgo,  289. 
Volcanoes,  relation  to  giaden,  12. 
von  Engeln,  O.  D.,  212. 

W 

Wahlenbeig  Glacier,  191. 

Waiping,  recent,  454. 

Waterwave,  from  Fallen  Glacier,  166. 

Wave  erosion  at  Childs  Glacier,  403. 

Weather  Bureau,  U.  S.,  175. 

Weathering,  super^lacial,  453. 

Wedge  Glacier,  319,  386. 

Weigle,  W.  G.,  468. 

Wellesley  Glacier,  300,  305-306,  312. 

Wells  Bay,  296. 

Wernicke  Glacier,  446,  456,  457. 

Wernicke,  L.,  446,  450. 

Westdahl,  F.,  17. 

West  Fork  Glacier,  15. 

West  Glacier,  12. 

Whidbey  Isthmus,  363. 

Whidbey,  laeut,  6,  14,  285,  289,  250,  257,  290, 

297,  321,  324,  351,  361,  362,  863,  364,  368,  378, 

379. 
White  Pass,  glaciers  near,  6. 
White  River,  glaciers  near,  11. 
Whiting  River,  glaciers  near,  3,  4. 
Williams,  Alfred,  441. 
Williams,  F.  E.,  37. 

Williams  Glacier,  296,  308,  309,  311,  313. 
)i^^lliams,  William,  48. 
Wilson,  H.  L.,  Jr.,  398. 
Windom  Glacier,  5. 
Wingham  Island,  463,  478. 
Wisconsin,  glaciers  named  for  colleges  in,  355. 
Witherspoon,  D.  C,  12,  15,  236,  242,  390,  392,  394, 

398,  400,  401,  419,  430,  434,  440,  441,  447. 
Wood  Canyon,  451,  454-456. 
Wood,  C.  E.  S.,  7. 
Wood  Glacier,  7. 
Wood  Island,  Relation  of,  14. 


Woodworth  Glacier,  13,  240,  450,  456. 
Worthington  Glacier,  13. 
Wosneisenski  Glacier,  14. 
Wrangell  Mountains,  451,  452. 

giaders  of,  12. 
Wrangdl  Narrows,  relation  to  glacial  stream,  8. 
Wright,  C.  W.,  3,  4,  6,  8,  9, 10. 
Wright,  F.  E.,  3,  4,  8,  9, 10. 
Wright,  G.  F.,  2,  7,  8,  20, 195. 
Wright  Glacier,  4. 
Wycko£F,  A.  B.,  216. 


Yahtse  River,  42. 

Yakutat   Bay,   comparison   with   Prince   William 
Sound,  480-185. 

contributions  to  interpretation  of  glacial  phe- 
nomena near,  225-228. 

description  of  glaciers  of,  11,  32-84. 

^aciation  of,  198-231. 

icebergs  in,  213. 

ice  jam  in,  214-216. 

location  of,  24. 

physiographic  features  of,  24-26. 

smaller  glaciers  of,  165-167. 

soundings  in,  217-218. 

q>ecial  problems  in,  204-225. 

submarine  moraine  in,  222^-228. 

summary  of  glacial  history  of,  228-231. 
Yakutat  Bay  glaciers, 

diaracteristics  of,  27-32, 198-204. 

contrast  with  Columbia  Glacier,  288. 

former  expansion  of,  34-36. 

general  view  of,  23-40. 

recent  advance  of,  37-40,  484. 

recent  recession  of,  36-37. 

summary  of  advances  of,  168^174. 
Yakutot  Foreland,  25. 
Yakutot  Glacier,  10,  158,  193. 
Yale  Glacier,  14,  296,  306-308,  309,  310,  312. 
York  Mountain,  gladation  of,  20. 
Yukon  valley,  gladation,  in  18,  21. 
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